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ABSTRACT

The chemical investigations of some rcpresentative
alkzloids of Rubiaceae are reviewed. The total syntheses
of emetine and quinine are azlso reviewed while the
bioccnesis of anthraquinones and bhiosyntheses of Cchromones,
nicotinic acid and nicotine are outlined. /Thé& bronchiodila-
tor activities of Khellin and some chrameng derivatives
are compared and a brief review of the pharmacological
actitivies of a few of the Rubiaceous alkaloids is given.
From the methanol extract of the root-bark of

Schumznniophyton magnifiglmsy 'a well known chromone,

5, 7-dihydroxy-2-methylchromone (noreQigenin) 97 was isolated
in addition to five alkaloids‘dosignated SRB,, SRB,,
SRB3', SRB," and SRB . The constitutional formulae of
two of thesé _alkaloids, schumannificine (SRB4) 138 and
N-mcthyl&chumannificine (SRB3} 147, have been shown tc be
new 1linedr tetracyclic compounds with ring D being piperidine
in“iture on the basis of the chemical evidence and
spectral analyses. .

SRBZ has been shown.to be identical in physical and
spectral properties with the product of dehydrogenation
of schumannificine (SR84} which was named dehydroschuma=-

nnificine 142.



3.

The synthesis of dehydroschumannificine 142 was

attempted. This was done in order to correlate the
structure that was assigned to it with the natural
alkaleids, schumannificine 132 and N-methylschumannificine
147, but only the first intermediate, 2,4,6-trihydroxyni-
cotincphenone 146 wes cbtained. It was charagtérised by
its spectral properticss
The spectral propertics of SPR3' and SHB3“ are
discussed briefly and since no conelufive work has been
done on them they are tentatively, assigned structures 148 & 149

respectively on the bascis of their spectral data.
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INTRODUCTTION

The genus Schumanniophyton (Rubiaceae) has recently

attracted some attention because of the herbal medicinal
use of the few species thus far classified under the genus.

Schumanniophyton magnificum (Harms) = family

Rubiaceae, is a plant found and called Aide (Edo) and
Ogwuakanmanu (Ibo) in Bendel State and Eastern part of
Nigeria respectively and also reported in Cameroun. "It is
a small tree of striking appearance with simple stem and
enormous leaves., The fruits are subglobose, grey-green and
covered with corky protuberances“E Nigerian speéies are
reported :o be up to 12ft. (3.7m) in height. A decoction of
the bark is in great .repute among some tribes of the Republic
of Cameroun as a remedy for dysentry, and has been found
effective also in the experience of European§£ Other tribes
of the Republic of Cameroun use it only as a lotion after
circumcision} The plant is well known in the Bendel area
of nigerié for its use in the treatment of snake-~bites and
to scare snakes awayz, while in Eastern Nigeria the roots are
used in the treatment of madness.

Rubiaceous plants are widely distributed and with the

nurber of the genera put at eighty-five in Niqeria3 alone in
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1964, one could appreciate how huge the family is. Several
genera of the Rubiaceae family have been extensively
investigatedes The result of the phytochemical and
pharmacological investigations into the constituents of the
various species is the successful isoclation and characteri-
sation of quite a great number of alkaloids and other
classes of organic compounds and the establishment of the
pharmacclogical activities of some of the compounds. A

brief review of these investigations is given below.

TYPES OF EXTRACTIVES FROM RUBIACEAE«

The family Rubiaceae has been found to contain at least
five groups of compounds. These include the alkaloids,
anthragquinones, chromones, terpenoids and the glycosides.
Of these groups of compounds, the alkaloids have attracted
the greatest attention.

Although there is no comprehensive review of the
distribution of the alkalcids in Rubiaceae in recent times,
Raff aufy R.F.4, in his "Handbock of alkaloids and alkaloid-
containing plants'" recognized the occurrence of more than
156 alkaloids belonging to different classes. These had
been isolated and characterised as far back as 1970. The

alkaloids mentioned below are few representatives of the
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major groups$Emetine 48, with molecular formula

o " :
- - l
C29H40N204 (m.p. 74 C), which forms the principal alkaloid

from the roots of Psychotria ipecacuanha, and the related

alkaloids, yohimbine, corynane, corynanatheine, corynoxeine,
mitraphylline, quinine, harman, herberine, caffeine,quinamine,
cinchonamine, theobromine and a few others.  In recent times,
three different categories of alkaloids were isolated from

Nauclea diderrichii by lMclean, S. ets al.s, namely:

p-carboline, simple pyridines and indole-pyridine alkaloidse.
A new pyridine derivative and two new piperidine-2-one

alkaloilds isolated from Schumanniophyton problematicum were
6

reported by Schlittler, E., et al.
A brief account of the chemical investigation,
distribution and synthesis of
(1) pyridine and indole alkaloids
(ii) “oxindole alkaloids,
(1ii)") pentacyclic indole bases,
(iv) corynane and heteroyohimbane alkaloids
(v) piperidine-2-cne alkaloids is given in this

intreductlion. The total synthescz of ecmetine and quinine
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are discussed in detail bucause of many interesting chemical
reactions involved and the complexities of the molecules.
The biogenesis of anthraquinones, biosyntheses of chgomones,
nicotinic acid and nicotine are outlined. The distribution
of terpenes and the terpenoids is included as.a Nighlight
on the various groups found in Rubiaceous plants. Finally,
the bronchiodilator activities of Khellin and some

chromone derivatives are compared while a brief account

of the pharmacological activities of a few of the alkaloids

is given.
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I. PYRIDINE AND INDOLE ALKALOIDS.

The pyridine alkaloids here refer to the simple pyridines
and pyridine derilvatives while the indole alkalcids embrace
the simple B-carbolines and indole-pyridines. These two related
grouns of compounds occur only in a few species of Rubiaceae,
so the distribution is limited.

Simple pyridine 1(a-d), simple p—carboline’ 2 (a~c)
and indole-pyridine alkaloids 3 and 4 had been isolated from

<)
the bark of Nauclea diderrichii by Mclean, S¢ et. al . There

were earlier repofts of the isolation of simple pyridine alkaloids

from Rauwolfa verticulilata (Lour)7 Bail of Hong Kong and

Alstonia venenata R.BrB. The 4£wo species belong to the family

Apocynaceae, so, the isolation of simple pyridines from

Ne diderrichii appeared to be the first report from Rubiaceous

plants. The co-existence of both the pyridine, m-carboline

and indole-pyridine alkaloids is of potential blogenetic
\

R CO-CH
X ~"
|
N N N
' 1
H R

signififances

(a) R = CH_CHOH

3
(b) R = CH,CHOMe (a) g = CHo; R% = H
(¢) R = CH,, CHNIL,, (1) R = CO, le; R = H
1
(¢) R = CH, = CH (c) R =CH,; R =COMe
(e) R = CH,CC (&) R = cemt,; R =H
(£) R = cocl




The question of whether pyridines are true alkaloids
or artifacts produced by reaction of a precursor with
ammoniz used during iselation has been raisedg, because
earlier procedures did employ ammonia in the extraction
and chromatography steps. Doubt on this was removed when
the same pyridine was obtaincd as in the former procedure,
in a cénfrel isolation where armmonia was carefully avoided
at.every stage.

A new pyridine derivative, schumanniophytine 5 was

isolated from the root-bark of Schumanniophyton E;oblematicum?
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OH--0

CHyq

ISOLATION AND CHARACTERISATION

The method of isolation is not the same in the two

cases, but-methanol extracts of the bark of N. diderrichii

and root-bark of S. problematicum gave the above alkaloids.

The polarity of the methanol used in the latter extraction
was increased by the addition of 2% acetic acid.

In the extraction of the bark of N. diderrichii, the

methanol extract obtained by soaking the coarsely ground dry



bark in methanol for 24 hours was concentrated, acidified
with 5% HCl, and extracted with chloroform1o. The aqueous
phase was basifiad with 10% ammonia and extracted with
chloroforme The chloroform extract was washed with water,
concentrated, and thoroughly extracted with 5% HCl. The
extract was basified with 5% ammonia and thoroughly
extracted with chloroform. The final chloroform extract,
after it had been washed with water, councentrated, provided
the "total bases"™ as a brown syrup which were separated on
a preparative thin layer chromatography using silica gel
plates.

In the case of the pyridine derivative alkaloid 5,

the dried root-bark-of S. problematicum6 was extracted with

methanel containing 2% acetic acid. The socluble material
was dissolved in little methylene chloride and on standing
at 5-10°C for a few days gave a crystalline mixture which
was chromatographed on silica gel to give the alkaloid 5

and 'other alkaloidse.

SIMPLE PYRIDINES

The four simple pyridine alkaloids_l(a—d) were assigned

structures on the basis of their spectroscopic properties
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and confirmed by synthesis. In each case the molecular

formula was determined from the mass spectrum; the parent

ion of ic was not observed but its formula was determined

by accurate mass measurement of fragment ions (M=1 and M—iS)}o
The IR spectrum of each alkaleid showed a peak at

‘.1.'?5'.'Jcrn_‘l (with a shoulder at 1745cm_1). The NMR spectrum

showed a methyl singlet at §4.0, indicative of the carbome-

thoxy function assigned to the alkaloid. The IR and NMR

spectra also provided the evidence that led to the recogni-

tion of the structure of the side chain characteristic of

each alkaloid and the NMR spectrum associated with the protons

of 2 pyridine ring of anABX pattern wiﬂuﬁaﬂho and

J J . 2Hz allowed the substitution pattern of the

AX = BX

ring to be assigned properly}O

SIMPLE p-CARBOLINES

ThHe identities of the four alkaloids 2 (a-d) were
531y established since they were related to a compound

noun structure that is, harman 2a. They were confirmed
by synthesis and compared with harman 2a. The three

r=carbolines 2(a-=c) had been described previously by



Achenbach, He et al:.rl From one extraction, which employed
ammonia 2d was isolated; this was also obtained by the
reaction of synthetic 2b with ammonia and was therefore
probably an artifact.

A few features of the mass spectra of these p-carbolines
will be mentioned since they have some diagnostic 1;@111.193“2
The base peak at M=58 in the mass spectrum of 26 did not
correspond to an ion in the normal fragmentation pattern
of an ester of an aromatic z:n:it‘.l"l3 and was best accounte;d

for on the basis of a process such as shown in structure 6G.



Evidence supporting this proposal came from accurate
mnass measuremcnt and metastable ion. A corresponding
fragmentation was expected for‘gg and the M-58 peak was,
indeed prominent; however, the base peak was at M=60 and
apparently arose from a process involving the indole
nitrogen as could be seen in Scheme 1. This scheme was

supported by accurate mass measurement and metastable ions.

N -MeOH \N
N N
C=0 y
H-2 S

+0) c
\Me %L
me
m/e 226 19[;0

m/e 166

Scheme ]
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INDOLE~PYRIDINES,

The indole-pyridine (naucledine ) 3 will be treated
as a typical example of the class since its structure
has been established with certainty. The structure of
3 was deduced from the spectroscopic results
and confirmed by synthesis. The formula C13H15N302 was
derived from its mass spectrum14 which showed strong parent
ion, at m/e 305 and apart from a strong M-1 peak, fragment
ions of low relative intensity. _The complex UV, spectrum Land
included a prominent peak at 3284m which showed a marked
bathochromic and hyperchromic change in the presence of
acide The IR spectrum showed the sharp peak at 335l3!c:rn-"1
characteristic Ef an unassociated indolic NH group and
carbonyl absorption-near 1')'5()1t:111_"1 which resembled that
ascribed to the methyl ester functions of the pyridine
alkaloial®

The characteristic signals of the aromatic protonsg
of an indole appeared in the NMR spectrum between §7.0
and §7.8, and the signals associated with a 3y5=disubstituted

5 s 0
pyrldlﬂei appeared at $8.27, 9.15 and 9.19. The O-methyl

signal was at 53.96 and the remaining four protons produced
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a symmetrical pattern of two-proton multiplets ("triplets"}14
at §3.0 and 4.10 which resembled the pattern produced by

. 5
the corresponding methylene group of oxogambirtannlne}

PYRIDINE DERIVATIVE ALKALOID

The pyridine derivative alkaloid 5 was identified from
its spectra and those of 1ts derivatives,

(a) methiodide
and (b) O-acetylderivative .
The results of degradative experiments further supported
the structure 5.

16
Oxidation of 5 with concentrated HN03

cinchomeronic acid 7, while treatment with

gave

strong alkali17 gave 4,6-dihydroxy-benzo-(1',2'-2,3)=

pyrano (5,4-C)=pyridine-%-one, 8

OH

COOH
COOH
OH
~
N ~—
-
7

o Z
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SYNTHESIS OF SIMPLE PYRIDINES

The structures of 1 (a-d) were finally established
by comparisons of natural and synthetic materials. <The
synthetic route (Scheme 2)10 required the preparation of
the key intermediate, 3—acety1—5-carbomethoxypyfidine 9.
The most successful route to 9 started with nicotinic acid
which was converted through the hydrochloride of its
acid chloride to 5-bromonicotinic acidj this, after
esterification, was converted to thé corresponding methyl-
ketone by Claisen condensation}8 The ketone Jas then
protected as the ethylene ketal, the pyridyl lithium
compound was formed, and this was converted to 9 by
carbonation and esterification.

Sodium boronhydride reduced 9 to 1Q. The synthetic
alcohol 19 was.converted by methanolysis of its mesylate
to the methylether 1p. The dehydration of 1 to 1d was
successfully accomplished by treatment with phosphorus
pentoxide19 or p~toluenesulphonic acide. Reduction by zinc

and acetic acid of the oxime of 2 formed 1c.
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0
[
Li (D) Br C
C - S
) CHy — kg | CH3
N
l HaC OH
0 3 #
C COyMe CH COoMe
/ /I . o
H3C \N N
9 1a

Scheme 2
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SYNTHESIS OF SIMPLE pg-CARBOLINES

Harman 2a is readily available; 2b and 2c were

synthesized by established method%o’gi dl-Tryptophan 10

was condensed with acetaldehyde, 2and 1,2,3,4~tetrahydroharman-
3-carboxylic acid 11 so formed was converted directly

to harman 12 by dehydrogenation and decarboxylation with
acueous potassium gichIOmate. Harman 12 .was oxidiged

to a-carboline-l-carboxylic acid 14 by condensing it with
benzaldehyde22 and the resulting product 13 was oxidized

to 14 with potassium permanganate. Bsterification of 14
gave 2be. When 1,2,3,4~tetrahydroharman.-3-carboxylic acid 31
was not decarboxylated but.dehydrocenatcd and esterified, 2c¢

was obtained. The synthetic preocedure is represented in scheme 3.

_—=_
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COOH

\
H H CHj3
10 (i) [O1]

(ii)-CO7
CeHsCHO X
,L CH= CHCgHs L Cha
- 12
1[01 o
N o
NP N
|
ly COOH H COoMe
14 ,
— b

Scheme 3
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SYNTHESIS OF INDOLE-PYRIDINE (Naucledine)

The synthesis of indole-pyridine (naucledine) 3
was effected by the reaction of the acid chloride of
S5=-carbonethoxy-3-pyridinecarboxylic acid (available from
the synthetic work of the simple pyridine alkaloids) with
tryptamine}4 The amide 15, so formed was «cyclized to
naucledine 3 by treatment with phosphorous oxychloride. This

is represented in Scheme 4.



CH2CH2NH2
S
.
Tryptamine

C02CH3

Scheme 4

COOH

Pyridine
Reflux

N poci, ot
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II. OXINDOLE ALKALOIDS

Uncaria and Mitragvna species of the family Rubiaceae

have been a source of oxindole alkaloids having the general
formula 16. The alkaloids of this group have been obtained
as interconvertible pairs of stereisomers for example
mitraphylline and isomitraphyllineza, uncarine A and
uncarine 523; pteropodine and 1sopteropodine24. Equilibra=-
tion of any one stereoisomer by heating in pyridine or
acetic acid gave a mixture of the two isomers. John, S.R.
et al25 reported two oxindole alkaloids, uncarine C 17 and

uncarine D 18 isolated from both Uncaria bernaysii (F.V. Muell)

and Uncaria ferrea (D.C.) which were a further pair of

interconvertible stereisomers of 16.

12 2
1% R
16; R' =H, R? = CH,,
17; R' = CH,5 R=H ‘
18; . J— ; &% } Stereoisomers
442 2
19; R” = H; R®=CH3 (Stereoisemer QfLé)



2
Beckett, A.He et al. - reported the isolation of two
oxindole alkaloids designated speciofoline 20 and
nstipul atine" (rotundifoline), an isomer of 20 from the

leaves of Mitragyna speciosas. A number of alkaloids were

isolated from ethvlacetate extracts of the leaves of

Mitragyna jevanica and Mitragyna hirsuta%O The extracts of

M. javanica yielded ajmalicine, mitraphylline 19, isomitraphy-
1line, and vineridine 21. The extracts of M. hirsuta yielded

similar oxindole alkaloidse.

HO
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CHARACTERIZATICN AND STEREOCHEMISTRY.

Uncarine C 17 and uncarine D 18 were both shown by

elemental analyses and their mass spectra to have the formula,

(24001 Nzod

spectroscopic propertiesgs

21 24

at 1705cm } (CH.0CO-) and 1627cm

and

3

- (carbonyl), while the

were characterised as oxindoles by their

The IR sl.owed absorptions, Moax

UV spectrum absorbed at 245nme The NMR spectra of five of

the compounds are shown in table 1.

TABLE 1.

NMR Spectra (60/Mc/s) in CDCl3 solution25

Uncarine D]

Compound| Mitraphylline | Isomitra~ Uncarine B Uncarine C
phylline
1¢29(661) | 1.22(6.5) | 1.35(6.5)

c:14 -CH3 8l.11 (JMG,H 1613 (6.3)

6.4)

- A3 (T o5 3 "
€t H 8 ( ”'Hz 5)0 4.39 (2.4,] 3,76 (2.9, 4,15 (1.5,[4.35 (1.2,
0]

CH,H 6.4) 643) 6e1) 6.5) 645)
cnso.co 83.57 3.54 4.5 3.32 3.55
= C=H §7.39 7.33 7.40 T34 7.41
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Convincing evidence for the close relationship of
unegarine C and uncarine D to each other and to mltraphy-
lline 19 was obtained27 from the mass spectra of the three
alkaloids which showed a common fragmentation pattern and
only minor differences in relative peak intensities.
Comparison of the properties of uncarine C and
uncarine D with those of the other known pairs of
stereoisomers of 16 showed marked similarities, but thére were,
however, significant differences. ©Equilibration in refluxing
pyridine led to the formation of. almost 100% of-uncarine C; while
equilibration . in accticracid afforded a mixture consisting
of 50% of each stercoisomer. Mitraphylline 19 and isomitra-

28,29

phylline have been assigned the structure with rings

DE trans and the.C; =H trans with respect to the C__-H,

14 13
28,29

. Uncarine A and uncarine B were considered to have

rings DE ¢isand the C1 -H ¢cis with respect to C__-H.

4 13
Equilibration of the interconvertible isomers was

considered to occur by cleavage and reformation of the C19

to C3 bont:lg'l Such a process could result in inversion in

configuration at Coa and/or C_. Because of the bulk of the
| =) s

3 )
aroup at C19’ Wenkert et al. i have proposed that isomerisation
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occured with inversion of configuration at C3 and retention

at Ciq’ the C_.-H assuming the axial conformation with

19

respect to ring De Uncarine C was considered to have .the

DE ring junction cis and C14-H and C13-H trans diaxial

(partial structure 22). A study of molecular models
indicated that equilibration of 22 involving.epimerisation

at C3 produced no marked steric interaction between the

C3—spiro group and the nitrogen atom between C11 and C13

which could produce z change in the.conformation of ring D.

However if inversion at C19 weére involved in the conversion

of 22 to uncarine D, the less stable structure 23a was
produced with the bulky substituent having an axial
conformation. The DE ¢is ring junction would allow inversion

of ring D to produce, the more stable structure 23b (CQQ-H axial)a

Such an inversion-of ring D changes the conformation at C14

and C,13 where the hydrogen atoms now have a trans

diequatorial arrangement which is in accord25 with the coupling

constant for uncarine D, Structures 22 and 23b for uncarine
C and uncarine D respectively are in accord with other

evidence.,
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DE CIS; 14H;13H
trans diaxial 23b
DE CIS;14H;13H trans
diequatorial
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IIT. PENTACYCLIC INDOLE BASESe.

The two kinds of alkaloids that will be discussed here
are the cambiytannines and yohimbines. The gambirtannines
have the same skeleton with the yohimbines, but ring\E of
the gambirtannines are aromatized and ring D might even
contain the oxo group as in the case of oxogambirtannine,

Gambir (or Gambier) is a tanning material produced by
evaporztion of the agqueous extract of leaves and stems of
the Rubiaceae Uncaria gambier (Roxb.J); a tree growing in

South-East Asia}S

ISOLATION AND CHARACTERISATION.

Extraction of the tannin with 30% sodium hydroxide and
ether gave a crude basic fraction exhibiting a strong
yellow-green fluorescence. The mixture was immediately
purified because it was light-and air-sensitive., Rapid
chromatography through neutral alumina afforded four
comrounds, carbirtannine 24, dihydrogambirtannine 25,
oxogambirtannine 26 and neo-oxygambirtannine 27. The
structures of the compounds were characterised from their

spectral properties and chemical reactions.
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Gambirtannine 24, decomposed, even in the solid state, on
standing in the air, giving rise to a small anount of
oxogambirtannine 26. A solution of gambirtannine 24 in
many solvents rapidly gave a mixture, from which, 24, 26
and 27 could be recovered. It was noted that 27 did not
appear in the crude extract, and thus it was an antifact.
Gambirtannine 24 (C21H18N202) wis optically inactive.
The UV spectrum showed max at 266 (sh),(314, 340, 410nm
(g = 10500, 10840, 12800, 22400) in 95% EtOH and 250(sh;
and 358nm in acidified EtOH (g = 11300; 23000); whereas the
IR spectrum (KBr) showed bands at 3340cm—1 (NH), 1710cm"1
(conjugated ester), 1590 = 1620cm-1 (C=C and aromatic)and
715 - 835chu1 (aromatic)e The NMR in CDC13 showed the
following signals:( §3.10 (Y=CH =CH_ -NQ) 83.89 (-OCH ),
58.55 (one indole-MH), 54.19 (2H, s, —N—CHz— aryl)e.
Oxogambirtanninegé.(C21H16N203), has no optical
activity and has UV max at 256, 300, 346(sh), 368, 385my
( e =413410,15300, 17200, 25900, 23650) in 95% EtOH. The IR
spectrum showed a complex abscrption near 3340cm-i,again

the conjugated ester band at 1720cm_1, a strong peak at

‘;|_('\50::1*.1_"l (amide CO) and unsaturation bands at 1580-—1620(:11\:1
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MMR spectrum in CDCI3 has the following signals; §3.08 and
54.49 (W-CH,(6)-CH,(5)-N<) , §3.82 (3H, s, OMe) §9.13 (-NH),
§7.99 (1H, s), 88.30 and 8.66 (aromatic protons).

Selenium dehydrogenation of gambirtannine 24 gave a
mixture of products; a strongly yellow fluorescent-compound,
dehydroketoyobirine 28 in low yield and nordehydroketoyobirine
29, which was alsc tho main product of the se€lenium dehydro-
genation of exocanmbirtannince 26. The formation of both
compounds in the selenium dehydrogenation of gambirtannine 24
was easily explained by assuming that the ready conversion

of 24 to 26 could have occured in part before dehydrogenatione
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Hydrolysis of oxogambirtannine 26, gave the acid 30.

Fyrolysis of the acid, 30, gave a blue fluorescent compound,

norketoyobirine 31.

OH

D 0
non
O
T o
0
=
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The formation of 28 from 24 during selenium dehydrogenation
implied rearrangement typical of the yohimbine derivative32,
whereas the dehydrogenation of 26 which already has an amide
co, at C-21, proceeded only through the loss of the carbome-
thoxy group.

Dihydrogambirtannine 25 (C21H20N2023’ MeDe 163° gave a
yellow-brown fluorescence in UV light and showed a typical
unsubstituted indole chromophore (xmaizs, 283, 290nm, ¢ = 60900,
12750, 11500 in 95% EtOH). The IR exhibited bands at 334%m”
(indole NH) 1705cm- § (unsaturated ‘@ster) . nd those characteristic
of aromatic absorption. Thr MR spectrum (in CDClq) appeared
at 86.7 = 7.6 (inteqratod, velue of 6H.) as in compound 24,

7.84 (1H, t), 8.10 (indple™ill). The complex absorption at
urper field measuredon integration . 12te It included the
83.86 (CMe), the ADXY type pattern of ;rr-ca:(s)-cuzcm) ~aryl
and 2 protons at C-21.

In the-mass spectrum of compound gg, vhich is shown in
schieme 54/ . fragment dion peak at m/e 144 is characteristic
for the alkaloids~of this type. A retro Dicls-Alder reaction
in ring D gave fragment m/e 162.

Catalytic hydrogenation of gambirtannine 24 gave 2

corresronding compound which has its UV, IR, IMR and mass spectra
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comnletely identical with the spectra of 25« This further
confirmed the structure of compound 25 to be dihydrogam-
birtannine.

Neo=oxygzmbirtannine 27 which was apparently an oxidation
product of 24 showed a strongly enhanced polarity on €.l.c.
plate. It was an isomer of 26, with the same molecular
formula, C, H, N, O.. The structure was based on'the spectral

21°16°2°3

data and chemical reactions,

-



SYNTHESIS OF YOHIMBINE

The total synthesis of yohimbine 32 will be discussed
as a representative of the pentacyclic indole bases,
Althou;h ring E of yohimbine 32 is not aromatized, the
synthesis is of great importance in the structure proofs

of some other related complex natural products.
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Cis—g6 - Octalin-1,4-dione, prcpared33 by zinc-acetic
‘acid reduction of quinonebutadiene adduct, was converted by
the Darzens reaction using chloroacegate and potassium t-butoxide,
to the glycidic ester (33, R = C2H5) bepe 135-155 (O0.1imm).
Saponification afforded a diastcreoisomeric mixture of glycidic
acids (33; R = H), which on heatling, decarboxylated to give
the unsaturated ketoaldehyde (34; R = H), b.ps 107-109° (0.01mn).
Alkaline silver oxide converted the aldehyde to the acid

(34; R = OH), m.p. 145-146°C. .

COOR COR
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Treatment of the keto acid (34,R = OH) with oxalyl
chloride yielded the corresponding acid chloride, which,
without isolation, was used to acylate tryptamine, giving
the amide (34; R = a-ind—C}-IzCHzNH), meP. 161-162. Hydroxy-
lation with osmium tetroxide provided the keto diol
(35; R = B=1nd~CH,CH NH), m.p. 213-214° ; which on
platinum=-catal yzed hydrogenation, yielded the triol (36;
® = B - ind-CH,CH,NH), m.p. 227-228°C. Glycol cleavage of
the triol to the aldehyde (not isolated), followed by
cyclization to the hexacyclic lactol lactam (37; R=H),
mePe 218-220°C. decomp.), was achiéved by periodate oxidation

followed by brief heating with dilute phosphoric acid.

RO

w

~J
w
Qo
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Acid=catalyzed methanolysis to the lactol ether
lactam (37; R = CH,), m.p. 268-270°C, preceeded lithium
aluminium hydride reduction, which gave the lactol ether
base (383 R = CH3)' MepPe 133 = 137°¢.

The acetic acid salt of the o-acetate (38; R = CHSCOJ,
on brief heating =t 280—290°C (in vacuo), afforded a
sublimate, the acectate salt of the enol ether 39. Osmium
tetroxide hydroxylation gave the expected diol 40, which
was cleaved, on treatment with metaperiodate, to the o=-formate
of dl=-pseudoyohimbaldehyde. Chromic acid oxidation of the
aldehyde, carried out in methanol-acetone in the presence of
sulphuric acid gave rise to dl-pseudoyohimbine 41. The

pseudoyohimbine was epimerized to yohimbine 32.

HO
I N
Ho~© Ho N
39 40 Me02C~
— H
41
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Iv CORYNANE AND HETEROYOHIMBANE ALKALOCIDS.

These two types of alkaloids are indole bases and the
differences lie in the absence of ring E in the Corynane
alkaloids and in the nature of the substituents. The

heteroyohimbane alkaloids have structures similar to that

Fh

of yohimbine 32 except for the hetero oxygen atom présent
in ring E of heteroychimbane alkaloids.
Antirhine 42, the major base isolated from the

leaves of Antirhea putaminosa (F.V. Muell) Bair (Rubiaceae) >

may be regarded as the parent member of the small group of
indole alkaloids which possess a 15pshydrogen. The extracts

of Mitragyna hirsuta30 ylelded hirsutine 43

N IN
g i :

. Et
R : M /g
HO CHy €026 cH - OMe

43
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Mitrajavine, (heteroyohimhane alkaloid), 44 was isolated from

the ethyl acetate extracts of the leaves of Mitragyna

30 .
javanica.

OMe

CHARACTERISATION OF HIRSUTINE AND MITRAJAVINE

The alkaloids hirsutine 43 and mitrajavine 44 were
shown to be indoles by colour tests, and by ultraviolet,
infrared and NMR spectra?o The physical data, along with
elemental analysis and equivalent weight determinations

indicated the structure of mitrajavine to be 44. The closed

ring E was indicated by the presence of a three-proton



doublet for the c1§ Me (§0.90) and the C,_~H one proton

19
multiplets at about $4.40. A cis C3H orientation was

indicated by the absence of any trans C-H bands (below 2800cm-1,
KCl disc) in the IR spectrum and the presence of a one-proton
multiplet in the NMR spectrum at $§4.45. The aromatic

splitting pattern of mitrajavine 44 (36.53, 1H; §7.09, 2H)

is similar to that of mitragynine 45 (§6.48, 1H; 86.92, 2H)
showing that the aromatic methoxy group ($3.90) is in the

9=-positicne

OMe

L

MeO-H,C™  “CO7Me
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The physical data, along with elemental analysis
and czquivalent weight determinations indicated the
structure of hirsutine to be of the corynantheidine type
A3. The methyl of the ethyl group was indicated by
the three-proton triplets at §0.79 in the NMR spectrums The
ester and methoxy groups appeared at §$3.71 and $§3.78. A
cis C3H was demonstrated by the absence of trans C-H

bands (below 2800cm_1, KCl disc) in the infrared spectrum

and a one-proton cis C_H multiplet in the NMR spectrum at

3

84.45. This evidence suggested that hirsutine is an
alkaloid of the corynantheidine type with C3H cis to the

nitrogen lone paire.

V. PIPERIDINE-2-ONE ALKALCIDS.

Piperidine-2~one alkaloids with structures 46 and 47

were isclated from Schumanniophyton problematicum by

Schlittler, Es ‘et als. This appeared to be the first report

of this group of alkaloids.

R
N HO 46; R =H
o) I 47 ; R = CH3

HO H3
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CHARACTERISATION

The structures of compounds 46 and 47 were proposed
from their spectral properties and by comparison with the
spectra of 5,7-dihydroxy-2-methylchromone. Compound 46,
MeDe 303-3% (recryst. from EtOH), has from the mass spectrum,

+

M" 289; gave on methylation with diazomethane, the

monoethef, C16H17N95, M.Pe 262-3°C, Only the 7-hydroxyl
was methylated leaving the hydrogen-~bonded hydroxyl group
at 5-position unchanged. The spectral data for compound 46
are shown belowe.
uv )max(nm) in MeOHs+
205 (log e = 4.35), 225(log ¢ = 4.18), 251 (log ¢ = 4.25),
257 (log ¢ = 4.27), 295(log ¢ = 3.78) and 318 (log ¢ =3.68)
IR (KBr), (cm 1), -3370 (NH), 3300,.2400 (~OH)
1670 (=0, y - pyranone ring and sec. amide),
1625 (>C=Cg), 1600 (aromatic, >C=C<).
*H-NMR g§(ppm) (dG—DMSO).
1.6-3.8 (7 aliph. H), 2.38 (allyl CHB)' 6.16 (vinyl H),

Ge3 (arom. H), 753 (Nl{), 10.88 (7—0“),

12.9 (5=CH).
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MS. m/e (rel. ab. %), M* 289 (88), 272 (79),
245 (64), 244 (43), 231(40), 229(22),
219 (26), 218 (41), 217 (26), 216 (41),
205 (100-base peak), 193 (24), 192 (41), 189 (21).
Compound 47, m.p. 309-313% (recry. from EtOH/Benzene)
has from the ;ass spectrum M* 303 and occured in minute
amount. It has the following spectra datae.
UV A . nm) in MeOH. -
205 (log ¢ = 4.35), 225 (log ¢ = 4.16), 251 (log ¢ = 4.22)
257 (log e = 4.23), 295 (leg g = 3,77), 318 (log ¢ = 3.66)
IR (KBr), cm 1), 3400.2400 (OH), 2950 (N=CH,))
1670 (>C=0, y - pyranone ring and tert. amide)
1620 (>C=C<), 1600 (aromatic, >C=C<)
'H-NMR ( gppm) (ds—DMSO).
1.6-3.8, (aliph. H), 2.36 (allyl. cna), 2.84 (N—CHa),
6.14(vinyl H), 6.26 (arom. H), 10.89 (7-OH),
12.9 (5 - OH),
MS. m/e (rel. ab. %). M* 303 (57), 272(13),
245 (19), 244 (10) , 231 (19), 218 (24),
217 (14), 216 (17), 205 (100~ base peak),
193 (16), 192 (43),
There were no degradative and synthetic works reported

for both compounds.
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VI. SYNTHESIS OF EMETINE AND QUININE.

as« EMETINE

There has been' much interest in the synthesis of

35-36

emetine , and all routes used ylelded mixture of

stereoisomers. With the stereochemistry of emetine 48.

7
known, a controlled synthesis was reported?

NH
CH30 H*:
tHy
& 1 _H
H--
GH3
CHj
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The readily prepared oxopiperidone 49 was reduced
catalytically or by boronhydride to the mixture of epimeric
alcohols 50, Acetylation of the mixture followed by
elimination of acetic acid over hot sodium acetate yielded
the 5,6-~dihydropyridone 51. Michael addition of diethylma-
lonate anion to compound 51 occured with steriec control, since
the product {52; R'-CH(COzEt)z], by hydrolysis and decarboxy-
lation yielded over 76% of the desired trans acid (52, R'=CH, .

COOH), m.p. 153-153.5°C.

o o Et B
BN AT o
R R i
9 20 2
Rl
Et. oM OCH3
" NS0 R =-H,C-HC OCHs
R



This, as its ethyl ester, was cyclised by phosphorus
oxychloride to compound 53 isolated as the perchlorate,
MeDe 113-114°C,‘which on catalytic hydrogenation gave 90%
of the base, 54, M.ps 66-66.5°C. This base has its three
asymmetric centres orientated as in emetine. The amino
acid derived from compound 54, was converted into its
homoveratrylamide 55, mp. 146.5 = 147.5°C, using the mixed

anhydride method.

CH2COOEt CHoCOOEt
£t i _H Et. | H
H- R
s C}13 h’ ()C}13
+
OCH3 0CH3
B 54
CHZCONHR
Et_ _~H
H~ H
N OCH4
0CH3
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Phosphorus oxychloride cyclised compound 55 to
-yield DL-O-methylpsychotrine,as 48, but with double bond
between c1 and N, which was resolved as its dibenzoyl
tartarate. Catalytic reduction of the resultant, (+) «0-
methylpsychotrine, me.p. 122.5 = 123.5, yielded (=) - emetine,

isolated as its hydrobromide and further characterised as

its N-benzoyl derivatives, m.p. 183.5 - 184.5°C.

be QUININE.

The pure crystalline quinine was isolated in 1820 and
the extensive degradative researches of the last century
culminated in the proposal of the correct structure in 1908,
but the complexity of the molecule has placed some serious

difficulties in the way of the total synthesis of
quinine.

The synthetic investigations which were undertaken
shortly after the turn of the century culminated38 in the
total synthesis of dihydroquinine in 1931 and that of
quinine.56 in 1944. The first great advance was made when
it was shown that the cinchona bases could be prepared by

partial synthesis from the toxines, which contain two fewer

asymmetric centres than the alkzaloids themselves. This
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discovery focussed attention on the development of methods
for the synthesis of quinoline 4-ketones from components
representing the quinoline and quinuclidine portions of the
alkaloid molecules. The synthesis of substances useful
in the introduction of the quinoline moiety was accomplished
during the early phases of the synthetic studies. The
develop;'nents along these lines set the stage for the final
solutions of the synthetic problem, which were achieved with
the elaboration of methods for the synthesis of suitable’
components for the jncorporation of 1.:he quinuclidine residue.
The starting point for all the syntheses of the cinchona
bases and related substances was the guinoline portion of the
nmolecule, represented by cinchoninic acid (573 R=H) or

quininic acid (57; R = OCHB)

CH=CH,

CH(OH) - COOH
CH30

e R
7
Z N
56 Cinchoninic acid, 57; R=H

Quininic acid, 57 ; R =0CH3
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Cinchoninic aclid has been obtained from isatin and
acetéldoxine38; by decarboxylation of quinoline-2,4-
dicarboxylic acid obtained by condensation of isatinic
acid and pyruvic acid) and by oxidation of 1epid1ne.38"40
There are many other interesting synthetic methods that
lead to the quinoline portion that are not mentioned here.

The synthetic.investigations related to the quinuclidine
58 moiety had as their first objectives the synthesis of

simple quinuclidine derivatives and degradation products

from the alkaloids.

I ﬂ\ C2H5 I \\ACZH5
NZ NZ
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In 1904, Koenings38 showed that p-collidine 59, which |
was at that time available only from the degradation of
cincholine could be condensed with formaldehyde to give
3-ethyl=-4-( g~hydroxyethyl )-pyridine 60, which on reduction
with sodium and alcohol yielded the corresponding hexahydro
derivative 61. The latter substance was converted by
treatment with hydroiodic¢ acid and phosphorus inteo an iodo
compound 62, which was stable only as its salt, and which
was transformed inéo the hydroiodide of 3-ethylquinuclidine

63 on standing in ether solution.

CoH
CoHs C2Hs ok

L=
IT—<



A further synthesis of quinuclidine was devised by

Clemo and Metcalfe41'42

s who decarboxylated 2,4-lutidinic
acid 64 obtained by oxidation of 2,4-lutidine and reduced
the resulting pyridine-4-carboxylic acid 65 with sodium

and alcohol. Bsterification of the product afforded
ethylpiperidine-4- carboxylate 66, which was condensed with
ethyl chloroacetate to give ethylpiperidine-l-acetate-4-
carboxylate 67. Dieckmann cyclisation followed by
decarboxylation ylelded 3-ketoquinuclidine 68, which on

reduction by Wolff-Kishner or Clemmenson methods gave

quinuclidine. These are shown in Scheme 6.
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JOTAL SYNTHESIS OF QUININE

Through the investigations described above; the

problem of the total synthesis of quinine had been reduced
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to that of the synthesis of homomeroquinene 69. This goal
was reached43 in 1944.

The starting point of the synthetic work was 7-hydroxy-
isoquinoline 70 which was obtained by condensation of
m~hydroxybenzaldehyde and amino acetal, followed by
cyclisation with sulphuric acid. The carbon atom required
for completion of the homomercquinene skeleton was
introduced by condensation of 70 with formaldehyde and
piperidine., 7-Hydroxy-8-piperidinomethylisoquinoline 71
was cobtained in this way, and was smoothly converted inte
7-hydroxy-8-methylisogquinoline 72 by treatment with methanolic
sodium methoxide at 220°C. On catalytic hydrogenation in
acetic acid solution, 72 absorbed two moles of hydrcogen and
after acetvlation with acetic anhydride in methanol furnished
an N-acetyltetrahydroderivative 73. High pressure reduction
of 73 over Raney nickel afforded a mixture of stereoisomeric
=acetyl=-7-hydroxy-8-methyldecahydroisoguinolines, Direct
oxidation of the crude hydrogenation product yielded a
mixture of ketones 74 and (the trans isomer) from which the
cis form 74 was separatéd as a crystalline hydrate. Rupture

of the carbocylic ring was brought about by sodium ethoxide and
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ethyl nitrite, and furnished N-acetyl-10-oximinodihydrohomomero-
quinene ethyl ester 75. The oximino-ester was then
hydrogenated to the corresponding amino-ester 76.
N-Acetyl-10-aminodihydrohomomeroquinene ethyl ester 76
was converted to N-acetyl-10-trimethylammoniumdihydrohomo=-
meroquinene ethyl ester lodide 77 by treatment with methyl
iodide and potassium carbonate. With 60% potassium hydroxide
elimination occured according to the Hofmann rule and after
treatment with potassium cyanate, horomeroquinene 62 was
isclated from the reaction mixture-as the N-uramido derivative.
Regeneration of the homomeroquinene was accomplished by
hydrolysis with dilute acid, and in this way, cis-dl-homomero-
quinene was obtalned. The whole synthetic procedure is

represented in scheme- 7.

QD =0
~N ZN N
0 HO

CH2
] CH
70 N- CsHig 3 7
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Resolution into optically active forms was not
attempted at this point, but the product was converted
into dl-l-benzoylhomemeroquinene ethyl ester and condensed
with ethylgquininate in the presence of sodium ethoxide.
The dl-quinotoxine obtained on hydrolysis of the condensation
product was resolved by crystallization of the dibenzoyl-d-
tartarates, and furnished d-quinotoxine, identical in all
respects with the natural materiale. Quinotoxine 79 was
converted into quinidinone 80 and reduction of the latter
compound with aluminium powder and ethyl alcohol in the
presence of sodium ethoxide afforded a mixture of stereoiso-
meric alcohols from which quinine 56 and quinidine were

isolated.

CH:CH2

Cco
CH30 2

A



VII OCCURENCE AND BICGENESIS OF ANTHRAQUINONESe

(a) OCCURENCE

The anthraquinones, 1-hydroxy-2-methylanthraquinone 81,
3=hydroxy-2-methyl anthraquinone 82 and quite a number of
others whose biogenetic relationship has been well
documented44, occur in Rubiaceae. 4=-methoxy-1-naphthol
hés been found in Rubiaceous plant?s The anthraquinols,
oruwal 84, its 5- or 8- hydroxyder%yatiVe oruwalol and
10-anthraquinones, have been isolated from the stem of

Morinda lucida (Rubiaceae)é6

813 R = OHj R1 = CH?; R2 = H
823 R = H 3 R1 = CH;; R2 = OH
83; R = OH; R = H; R® w CH,e
OCH3
seon
OCH3 -

84



69.

(b) BIOGENESISe

In contrast to the anthraquinones of the emodin 83
type which were considered to arise by suitable folding
and condensation of a polyketide chain derived from eight
acetate units as 85, about half of those found in higher
plants are substituted in only one benzenoid ring and may be
totally devoid of a carbon side chain or hydroxyl groups,
c.ge 86 and 87 respectively. Majority of these occur
in Rubiaceae sub-family (Rubiodeae) and to lesser exteng-
in the Bignoniaceae and Verbenaceae;‘tectoquinone.gl being

present in all the three%4
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Significantly the anthragquinones present in

47,48 44,49

Biognoniaceae and Vertenaceae

heartwoods are all
accompanied by 615 naphthaquinones notably deoxylapachol 88,
while the Rubiaceous plants contain a number of C naphtha~

15
lenic compounds represented by 89, 90 and 91.

JC

88 89



These findings suggested that 88 was synthesized in
vivo by prenylation of a naphthol precursor followed by
oxidation and since 88 could also be converted to 87 in
vitro47, either by borontrifluoride catalysis or by
irradlation, it seemed likely that the substituted () ring
in this group of anthraquinones was derived from mevalonate.

49,50,51

This was established by feeding Rubia tinctorum

(madder) plants with [2-14C} - mevalonate. Four radioactive

pPigments were isolated49, the specific activity of rubiadin
95 and pseudopurpurin 96 being twice that of alizarin

(92; R =H ). Appropriate degradation of pseudopurpurin
96 established that the 14carbon was distributed between
the side chain and c1 in ring (C). It seems therefore that
the ring (C) in the Rubiaceous anthraquinones is formed

as shown in Scheme 8 and presumably the same pathway is

followed in the Bignoniaceae and Verbenaceae.

O OH
Q™
kJ
" R

Alizarin (92 ; R =H)
Purpurin (92 ; R=0H)
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OH

)
HO COOH

Shlklmlc acid

Scheme 8




VIII. CHROMONES.

(a) ISOLATION AND CHARACTERISATION.

Chromones rarely occur in Rubiaceous plants. The only
important member of the chromones, which has been reported
to occur in Rublaceae is 5,7-dihydroxy-zzmethylchromone
(noreugenin) 97.Fujitas E. et 3152 isolated noreugenin 97

for the first time from the ethereal extract of the heartwood

of Nauclea orientalis(L.)

OH--0

RO iCH3
874 R=H
98 ; R = CHj

Noreugenin 97, C10H804, m.p. 268°C (decomp.), showed52
the following spectra data. The IR spectrum suggested the
presence of hydroxyl groups (3400.2600), an g,B-unsaturated

carbonyl group (1660 and 1620cm-1 {KBr})s The UV. spectrum
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was characteristic of chromone series, giving the absorption
maxima at 227, 249, 256 and 295mm .  In the MMR spectrum
taken in ds—DESO, a couple of doublets(J=2Hz) appeared at
8632 and 6.20ppm which were ascigned to two protons in
meta relationship on a benzene ringe The hydroxyl proton
signals appeared as singlets at §10.88 and 12.08ppm. The
paranagnetic shift of the latter was due to a hydrogen bond
with carbonyl which existed near the ‘hydroxyl group. Another
one proton signal on a double bond was observed as a quartet
(J = 0.7Hz) at §6.15ppm while in.the MNMR spectrum‘taken in
nyridine a doublet (J=0,7Hz) assigned to methyl protons on a
double bond appeared at &2.13.

The structure of noreugenin 97 was proved from the
ebove spectral data ‘eand by comparison of the compound and
its monoether (got from diazomethane methylation) with the

synthetic noreugenin and eugenin 98 respectivelye

(1) BIOSYNTHESIS OF CHROMONES.

5y 7=dihydroxy-2-methylchromone (noreugenin) 97 has
been suggested as a precursor in the biosynthesis of Khellin
994 visnagin 100, visnamminol 101 and hamaudol 102 and a

—

few other related compoundse
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Several biosynthetic schemes have been advanced to
account for the formation of the above-named compounds, but
little experimental evidence has been obtained. Geissman and
Hinreiner53 suggested that the chromones were derived from
shikimate and the derivation of some coumarins and chromones
from c5 - substituted phloroglucinol has also been suggef.ted?4
Eggers5 obtained incorporation of 14C-acetate into Khellol in

Eranthis liemalis L. (Ranunculaceae) and showed by chemical

degradation that both the benzene and pyrone rings were acetate-
derived. He then suggested 5,7-dihydroxy-2-methylchromone 97
as a precursor and speculated that the furan ring was built

up from a C_-unit; peucenin 103 and visnamminol 101 being

5
possible intermediates. <Chen, M. et. 3156 showed that

14C-acetate was well=incorporated into khellin and visnagin in

cell cultures of Ammi visnaga and showed that the chromone

nucleus at least was acetate-derived in these compounds. They
also showed that acetate was a precursor of these chromones
in the whole plantse.

Evidence has been obtained for many of these postulated
intermediates between acetate and furanochromones through

tracer experiments.s6 The trace experiments provide a number
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of factsj;

(a) acetate is a good precursor of furanochromones,
of visnamminol 101 and of 5, 7=dihydroxy=2-
methylchromone (noreugenin) 97

(b) = noreugenin is formed naturally in

Ammi visnaga;

(¢) noreugenin specifically metabolized to peucellin 103
visnamminol 101, visnagin 100 and Khellin 99;
(d) Umbelliferone is not a good precursor of any

of these compoundse.

Therefore the biosynthetic scheme 9 was proposed for

the constituents of Amml visnagae A number of variations

in this pathway appear to occur in other chromone bearing

plants.
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Scheme 9
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Peucenin epoxide

HOlO
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Norvisnagin
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Proposed  Biosynthetic Pathway for some furano
and Other Chromones
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IX. BIOSYNTHESIS OF NICCTINE AND NICOTINIC ACID.

For reasons of structural analogy and biological

ubiquity, nicotinic acid 104 has been regarded as a possible

Precuscr of the pyridine moiety of the Nicotiqag_g}kaloids§7

In the biosynthesis of nicotine 105 from nicotinic acid by

Nicotiana tobacum, the carboxyl group (C-7) of the nicotinic

acid is 1ost§8 It is therefore reasonable to assume that

the carboxyl group is replaced by thé pyrrolidine ring.

Indeed, in an electronic mechanism proposed by Dawsonsg

for the synthesis of nicotine, and’ now widely accepted, a
146-dihydropyridine intermediate is attacked by an N-methyl=A'=
pPyrrolidium cation at position (3), with simultaneous

decarboxylation,

COOH

104 105
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The mechanism zlso explains the labilization of hydrogeﬂ
at C-=6 of the nicotinic acid, which occurs AUring the
conversicn into nicotine?o Scott, T.A. et. a.II.G.l while
trying to find out whether the attachement of the pyrrolidine
moiety occurs exclusively at position (3) of nicotinic acid,
synthesized [2,3,7—14C] nicotinic acid according to schieme
10 and administered the acid to the plants of Nicotiana
tobacume The tracer experiments favoured the exclusive
attachment of the pyrrolidine molety at position (3) of

nicotinic acid.
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While a lot of biosynthetic work has been done on the
conversion of nicotinic acid to nicotine in Nicotiana plants,
very little is known about the biosynthesis of nicotinic
acid from aspartic acid. Aspartate and formate have been said
tc be required for the synthesis of nicotinic acid by cell
extracts of Clostridium butxlicumsz. In intact cells, C-2,
C~3 and C-7 of nicotinic acid are derived from C-2, C-3 and
C-4 of aspartate. Quinolinate is probably an intermediate
in this synthesissz, but no intermediate in the conversion
of aspartate into the pyridine ring has been identified. 1In
intact cell of Cl. butylicum; 14C-formate 'was incorporated
chiefly into C-6 of nicotinic acid?B Scott, T.A. et 31.64
examined the possibility that aspartate bécomes formylated as
a prelude to its incorporation into nicotinic acid. Cell
extracts of Cl. butylicum produce several compounds that
are biosynthetically related to nicotinic acid, i.e. NAD,
deanido-NAD, nicotinamide, nicotinic acid mononucleotide,
nicotinamide-mononucleotide and free nicotinic acidsz. It
was therefore concluded that partially purified Cl.butylicum

was able to formylate aspartate tc give formyl-L-aspartate,

which then acted as an intermediate in the synthesis of



nicotinic acid. This is summarised in Scheme 11.

d)COOH
$cooH . *CH,
*CHy + H-COOH — ©°CHO |
1 H0 NO-MCH
aCH W Ncoon
HaN COOH H
Loss of| C-1 from
formyl | aspartate.
Introdu |ction of C-4
and C5| of nicotinic
() acid #
COOH
I\ Nicotinic acid
o\~ 4 -

Derivatives

$,A,0,% = Specifically labelled C-otoms
Scheme 11

A Schematic representation of the synthesis of nicotinic
acid in extracts of Clostridium butylicum
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According to Ogasawara et a164 extracts of
Escherichia coll synthesized nicotinic acid from aspartate
and a three carbon unit. The synthesis of nicotinic acid
£rom formyl-L-aspartic acid must involve several stages, the
nature of the subsequent jntermediates and the enzymes concerned
in their conversion was unknown. Pyruvate, acetate and
glutamine supported the conversion of formylAL-aspartic acid
into nicotinic acid and although the origins of C-5 and C-4
of nicotinic acid are unknown, they must lie in the metabolism
of one or More of the above-namned compoundse

For a long time it was considered that alkaloids were
end=-products of metabolisnte © However, it is now being realised
that many of them are rapidly metabolized, sither to other
alkaloids or to pon-alkaloldal compounds§5

The specific intermediates between nicotinic acid 104
and ricinine 108 are unknown, a reasonable proposed biosynthe-
tic pathwayes is illustrated in scheme 12.

In the biosynthesis of an alkaloid 103, a reasonable
speculation could be that there was a condensation between
5,7—dihydroxy-2—methy1chromone‘gl-and the acid 110 formed

from 3—cyano-4-hydroxypyridine 107.
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Scheme 12

Proposed enzymatic reactions in Ricinus communis
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Xo. DISTRIBUTION OF TERPENES AND TERPENCIDS IN RUBIACEAE.

Chenical examination of the petroleum ether extract

of the leaves of Ixora chinensis66 gave lupeol 111,

stigmasterol 112, and betulin 113. Neither sterols nor
triterpencids could be isolated from the stems, and neither

leaves nor stems yielded triterpene acids or saponins.

PhC/C~\

HO HO
m 12
C/CHB
Hy C=
SR
HO

113 - R =CH20H
M4 . R

= COOH

-
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The petroleum ether extracts of the leaves of

Adina pilulifera67 yielded p-sitosterol 115, stigmasterol

112 and a mixture of saponins, which gave quinovic -acid

116 and its acetate 117 on hydrolysis. This is the first
report of the natural occurence of the acetate of quinonic
acid, wﬁich was isolated through its dimethyl ester. The
constituents of the petroleum ether extracts of the stems
were icdentical with those of the leave367 but in addition,
the saponin mixture from the stems yielded morolic acid

118, betulinic acid 114 and’ ¢incholic acid 119.

COOH

—
—
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The whole plant of Randia spinosa (Thumb Poir)

kngwn elso as mountain pomegranate, was investj.gated68 as
it hos sharp thorns and small leaves which were not casily
separable from the stems. From the light petroleum extract,
g-sitosterol, and stigmasterol were isolateds ~Further
extraction with ethanol gave a saponin mixture, which on
hydrolysis yielded oleanolic acid, siaresinolic acids,

and spinosic acid A 120.

HO

C02H

HO

120
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XI. COMPARISCN OF BRONCHIODILATOR ACTIVITIES OF CHROMONES
WITH THAT OF KHELLIN

Khellin 92 which a number of pharmaceuticallaboratories
in Egypt and in the United States prepare on .a commercial
scale and generally dispense in the form of tablets or
injectable solutions forms one of the active principles

of Khallsh plant (Ammi visnaga L.)sg. It is known to the

Egyptians to be useful in relieving the pain of renal
colic and ureteral spasms and often to facilitate the passing
of ureteral stones. Following the elucidation of the chemical
structure of Khellin 99, additional pharmﬁcological
properties were discovered which led to its chemical
application as ‘a coronary vasodilator in bronchial asthma
and in angina pectorise.

Consequent on the report of the capability of khellin
to effectively relax the bronchi7o, Willey, P.F.71 thought
that more readily accessible chromones having bronchiodilator
activity equal to or greater than that of khellin would be
desirable. This was because of the complexity of khellin
99 and difficulty in synthesizing or isolating it from natural

Sourcese.
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The tests for bronchiodilatdr activity were run on an
isolated guinea pig tracheal chain. The activity of the
compound being tested was compared to the activity of
epinephrine. Results are expressed (Table 2) in the
number of micrograms of epinephrine required to equal the
_activity of one milligram of the compound tested. Very
1ittle correlation of structure with activity was observed.
Those chromones having no 2-methyl substituent showed
negligible activity. The activity of khellin 99 on the

same test is also shown for the purposes of comparison.

TABLE 2.
¢ |
A %
3
s ¥
0]
121
Numb er Substituents Activity
v -epinephrine/mge.
1le 6-methoxy 0
Ze 7-—m8thoxy 0.6
3. ‘ 2~methyl-6~methoxy 4
44 2=methyl=7-methoxy 5
Se 2=Bromomethyl - 7-methoxy 1
6e 2-methyl-5, 7=dimethoxy <1
7 2=methyl=7,B~dimethoxy 3
o 2-nethyl-5, 7,8=trimethoxy <3

Khellin 30




XII PHARMACOLOGICAL ACTIVITIZS OF SOME SELECTED
ALKALOIDS OF RUBIACEAE

Quinine 56 preparations have been known and used for
centuries in the treatment of malariaaa. The specific
action of emetine 48 against pathogenic amoeba in human
‘amoebic dysentry makes it a valuable druge It was introduced
by Rogerse L.38 in 1912 for this purpose; and afterwards in
+he treatment of amoebic hepatitls.. After a comparative
investigation of the Ipecac alkaloids and some of their
derivatives, Dale and Dobell38 concluded that emetine 48
acts through the host rather than on the parasite, that
is, changes in the blood render it amoebicidale. Satisfactory
cultural methods—in vitro, which permit pharmacological
inVﬂstigntions72-73 and clinical tests have been devised.
Emetine ds -almost exclusively used as hydrochloride for
hypodernic or intramuscular injections::'8

There is onc example of animal poisoning which requires
special mention - the doping or illicit medication of
racing animals. By definition, coping is the administration
of a drug to an animal in order to affect its speed, stamina,

74
courage, or conduct in a race. liorges are the animals
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most frequently subjected to this practice, but greyhounds,
racing pigeons and (possibly) bulls are sometimes doped,
while athletes may dope themsclves. Doping usually consists
either of the administration of a stimulant to make an

- animal go faster (doping to win) or of a sedative to

make it go more slowly (doping to lose or inobbling"), but
other procedures such as the use of local anaesthetics to
mask lameness, of tranquilizers to control a highly
spirited animal and of sex hormones for a female in estrus
are also employede. It is{agstimulants that alkaloids

most frequently £ind employment. FPossibly, caffeine 122
has been used more frequently than any other druge. It is
cheap, casy to obtain, and reasonably effective. A horse
is more alert; gets away to a better start and responds
more quickly to its rider. strychnine has also been used
extensively for this purpose, but its actions seem less
reliable. Both morphine and heroin, which act as stimulants
in the horse, have also been widely used in the past. If
the dose and the timing are both correct a horse doped with
morphine will run far above its normal forme As these

substances are alkaloids, the idea has arisen that any



alkaloid will do, and SO much unlikely compounds as
styropine, ephedrine, yohimbine 32 and quinine 56 have been
cxployeds Cocalne has also been used with limited successSe

m} . mod-rn tendency however i{s to use synthetic drugs such

amplictamines

H3G-N

N
oy

Alkzloids are not used as sedative drugs in the
horse; barbituratesior ehloral are usually employed but
codeine and quinine 56, the latter in contradistinction to
its use as a potential stimulant in the horse, have been
used for this/purpose in greyhounds, which are nearly always
doped to lose. Racing pigeons are sometimes given
amphetamine to delay the onset of fatigue. Bulls are
reported to have been quitened with tranquilizers. The
doping of athletes consists of self-medication with drugs

of amphetamine typee. There appear to be no fatal cases
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of poisoning in man by caffeine 122 on record but doses
ovar lame may produce al arming symptoens, including

tachycardia and sensory disturbances.

Objectives of this work on Schumanniophvton paonificum

The use of Se. magnificum in herbal medieine and especially
its use in the treatment of snake-bltos 3timulated our interest
in the chemical investigation of the plant. There are still
a limitced number of serums which ‘@o. not keep for very long,
that are used in the treatment cf snake bites. '

I'herefore the isqlation,chafacterisation and establishment
of the biological activities of the extractives from the plant
could add to the number of the curatives for snake-bites and
other disecasess Apart from these objectives the chemotaxonomy
of plants and-the chemistry of complex secondary metabolites
from »lants.continue to be of interest.

i the course of this work, rcsults of the chemical

meestiloatl £ 1ok 5 -
investic ation of Schumanniophyton problematicum was reporteds.

Mla o~ Tor a - 3 2 -
The following result and discussicn 1s based on the investigation

of S. magnificune.
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RESULTS AND DISCUSSION

The specimens of Schumanniophyton magnificum (Harms)

used in this investigation were collected at Sapoba Forest Reserve,
in September, 1976 in Bendel state of Nigeria. They were authenticated
at source and confirmed to be S. magnificum (liarms) at the Federal

Department of Forest Research, Ibadan, where a herbarium specimen

is kepte The root-bark of Schum. magnif. was extracted with hexane

and methenol respectively. The components of hexane extract (ahout
three najor compounds) which happened to be non-alkaloids were not

of any intercst to us. The methanol extract was found to contain

allzaloids which were of great intepestto us, heénce the work was

based on the methanol extract. !
h o fethanol extract of the rcot-hberk of S. magnificum was

concentrated (by evaporating the methanol). This vielded a precipi-
tate with an oily uppér laver. The oily uppér layer was decanted
leaving the precivitate behind. Both the precipitate and the oily
layer were extfact:'d sevarately with chloroform. The chlorofocrm
extrects of\ Bligd nrecipitate and the oily portion contained essentianlly
the comé Sonponents. The residuc left herind after extracting the olly
layer with chloroform several times was a water—-soluble oll which
orobzibly contained glycosides. The conponnds of the above chloroform
extracts uerc very polar, s¢ there was no good separation on the tel.c.
plate doveloped in & mixture of benzene and ethyl acetate (whatever the

ratio) bt a mixture of chloroform and cthyl acetate (221) was guit:lile

For the dovelopment on the tole.ce plate, giving four spotss
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Evaporation of the chloroform extracts afforded a crucde solide.

The componentd of this crude solid were separated on
a column of silica gel. 'Phe first compound designated SR31
(Rg = 0450} and the most polar compound on the t.l.c. Plate,
83, (Re = 0.10) were obtained pure from the column chromato-

graphy. Two other compounds, SRB3 and SRB3' came ‘down

from the column as a mixture. Pure SRB, (Re ="0.28) was
ohtained from the fractional crystallization'of a mixture of
SRB3 and SRB3' in methanol. Recrystallization of the
residue left after the fractional crystallization gave
crystals of SRB3‘. A mixture of SRB, (Rg = 0,30) and ~
SRB3“ (Rf = 0.18) was eluted from the column, ThiCh was only
separated by treating the mixture of the two compounds with
agueous ammoniae SRB2 went into the aqueous ammonia, while
SRB3“Awas 1eft behind. SRB3" was recovered by filtratione.
The filtrate whieh was the aqueous anmonia portion was
acidified.., This gave the precipitate of SRB2 which was
dried by filtration.

Apart from 5RBq and SRB3', all the four othors gave
positive alkaloid test with Dragendorff's reaccnta. SRB3'
was later proved to be a nitroqen-containing compountt
(microanalysis)e An attempt made at separating the
alkaloids from SRB, (non-alkaloid) by treatment with an acid

to form salts of the alkaloids provead unsuccessful. There

was ne asoparation also vhen the crucde solid was treated




with a base. This was aimed at forming the salts of
the phenolic compounds, so that the non-acidic compbounds
could be extractedeoSince all the compounds went into the

hase layer, it suggested that the alkaloids were phenolice

Determination of the constitutional formula of SR81

The compound SRB1 which was proved to be' a chromone,
had a mepPe 274—2760, when recrystallized from ethanol but
recrystallization from a mixture of HﬂOﬂ/C“C13 afforded sone
needle-like crystals, me.pP. 265-266° (dccomp.) «

It's mass spectrum indicated a parent pe?k at m/e 192
which was also the base peak (low resclution mass spectrum)
and the molecular iom, M' 192 (70%) remained the same in
another mass spectrum (high resolution mass spectrum), but
the hase peak was at m/e 69. In both cases, the molecular
jon was inadreement with the molecular formula, C10H804
(ricroanalysis). The following important peeks mt 192 (70%),
164, CI9€R), 163 (52%) 152 (26%), 136 (18%), 124 (64%)

96, (39%), 95 (22,5%) and 62 (100% - base peak), are in
accordance with the well establishe ?fragmcntatinn pattern
for chreomoncse

Tha~ mass spectra of a numkber of naturzl chromoncs and
their derivstives indicated that a characteristic fragmenta=

tion resulted by collapse of “he w=pyrone systenm in a retro
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ﬁiels—Alder type of reactionTT- Other notable features
included the expected multiple loss of carbon monoxide,

loss of methyl radical from methoxylated products and
sometimes the loss of a hydrogen atom, water and 29 mass
units (CHO). Substitution of the benzenoid ring with
hydroxyl groups does not alter the gencral fragmentation
pattern. The fragmentation pattern of 5,7-dihydroxy-2-
methylchromone 97 shown in scheme 13 1s based on the alreacdy
established patte-rn77 and the metastable peaks cbtained from

the mass spectrum of 97,
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HO 0-_-CH3

-CH3 C'='C["l

HO O
m/e 192

-CO
*¥1401

(]

HO CH3
[ [ 1]

HO
m/e 164
l-CO
%112.8

Scheme 13

+

c=0

OH
ml/e 152

OH

m/e 124

~CO
2,
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Scheme 13 contd.

0 c=CeH
CHacseH, o
P Nt~ C=0H
HO CH3 Ill
m/e 136 ‘m/e 96
l-H
C=0 CEC-H
I -HCZ CH . c/
. N
R +
H” \cs 0 ml:- cz0
H
m/e 69 m/e 95

* — Metastable peak

Proposed fragmentation pattern of 5,7-dihydroxy-
2 — methylchromone.
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The IR spectrum (FIG 1) suggested the presence of
hydrpxyl groups (3420h2620cm_1), though only one phenolic
iyeiroxyl group was cbserved in the MNMR spectrum taken in
ic—DrfO and this might be due to proton exchange ©f-the
noo-) rdrogen bonded hydroxyl group with the deuterium of
the solvent. An gy B=unsaturated carbonyl Group characteris-
tic of thc chromone series appeared at 1660cm_1 and 1620cm_1
(xBr), 1560 and 1500cm“1 (sC=C< of benzeéne ring), 1165cm -
(cther linkage), 890, 845 and 820cm_1 ( substituted aromatic
ring).

SRB1 gave a positive ferric chloride test which indiceted
that it was phenolic. /From the IMR spectfum (FIG.2) of
SR81 tzken in dG-DMSO (SR51 not soluble in CDC13), a pair
of doublets (J.='2Hz) appeared at 86.18 and §6.28 which
were assiaomed\to two met a=coupl ed protqns on a benzene rinde.

A three(pfoton singlet assigned to « mothyl group at
2=position of the y~pyrone appeared at $2.27 and one proton
d¢idnal was observed as a broad singlet at 86.08, which

was assigned to a proton at 3-position of y~pyrone. The
only phenolic proton signal obscrved appearcd at §12.7.

The paramagnetic shift was due to a hydrogen=bonding with

the neighbouring carbonyl groupe
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The ultraviolet spectrum (FIG.3) was characteristic
of the chromone series, giving the absorption maxima at
217 (log ¢ = 4.21), 227 (log ¢ = 4.18), 251 (log ¢ = 4.21),
257 (log e = 4.22), 295 (log ¢ = 3.33) and 325nm (logle =
3.68). The literature52 reported the following zbsorption
maximas 227 (log e = 4.08), 249 (log ¢ = 4.13)7256 (log e =
4.13) and 295nm (log ¢ = 3.65) for 5,7-dihydroxy-2-
methylchromone‘(noreugenin)‘22,

Acetylation of SRB‘1 in a mixture of pyridine and

acetic anhydride gave a colourless crystalllne diacetate

123, m.p. 137-139° (1it. 7 , 139.5 - 140.5°)

The NMR spectrum (FIG 4) of the diacetate of

SE51 showed two cnol acetate signals ;t 52.30 and 82.40

-

respectively in addition to the proton signals of .the parent

compound. The nmass spectrum showad the molecular ion,

MY, at m/e 276,+indicating an addition of 84 units to the

molecul ar weight of SRB, and had other fragment ions at

1
n/ce <234, 193, 192, 164, 163, 151, 124, 123, 96, 69 and 43.
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127

Diazomethane methylation of SRB1 gave one single
compound (tJl.c), This was confirmed to be the
moncemethyl éther from the spectral properties. The mono-=
methylation product pointed to the fact that one of the
hydroxyl groups was involved in hydrogen-bonding, while
the free one was methylated. Thc monomethylether had a
MePe 116-117° (1iteraturc75, mePe 119-120°%) and analvsed
for C__H JO » It was identiczal in mixed mp and spectral
properties with eugenin 124 that is, monomethylether of 5,7-

dihydroxy=-2-methylchromone.
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The ultraviolet spectrum (FIG. 5) of the monomethyl—
ether of SRB1 showed absorption maxina Ahaxﬁ.') at
210 (log ¢ = 4.43), 230 (log ¢ = 4.34), 250 (loge = 4.29),
257 (log g = 4.78) and 295 (log ¢ = 3.7). Thegs compared
fairly with the ultraviolet spectrum of eugeuin 124,

¢ 7
which showedik’ g

absorption maxima }max(nm\ at
248 (log ¢ = 4.3), 257 (log ¢ = 4.3)42288 (log ¢ = 3.9
and 318 (log ¢ ; 3.7)e The MNIR spectrum (FIG. B) wikth
one mothoxyl proton signal at 3.8 (2H, s) and the pgenolic
hydroxyl signal at 5:5.7 (1H4y s, which disappeared with
D20), confirmed the ponomethylation. Comparison of the
mass spectrum of the ﬁonomothylether of SRE1 with that
of rugenin?7 further cstablished the identity.

The suécessful acetylation of the monomethylether
124 of SRB1 to give a compound identical with the acetate
125 of. eugenin, served to prove that there were two
phenolic hydroxyl groups. The acetate 125 had a ml.Pe.

150-151° (literature ® 152.5 - 153.5°). The NMR spectrum

showed the following proton signals $2.30 (3H, s, methyl)
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group on y-pyrone), 52.40 (3H, s; acetate), §3.87 (3H, s;
aromatic methoxy), 85.93 (1H, s, proton at 3-position of
y-pyrone ring), 86.51 (1H, d; aromatic proton, J = 2Hz)
and $§6.68 (1H, d; aromztic proton, J = 2Hz). The NMR
spectrum of the acetate 125 has not been reported before
now and the signal assignments suggested above are based
on other reported chromcne spectrae.

Treatment of SR81 with excess dimethylsulphate and
anhydrous potassium carbonate in dry acetone afforded the
dimethylether of SRBI. The dimethylether had a m.p. 122=
1230;(1it.32, 12403. The MR spectrum (FiG.B) showed,
in addition to the protom signals of the parent ccmpound,
SRBi, two methoxyl signals at §3.88 (3H, s) and 83.93
(3H, ).

It had been rcported79 that majority of the naturally
occuring chiromones contained a methyl group at C-2 which,
in the NKR\ spectrum of 2-methylchromone 127 gave a singlet
at §33®. The location of this signal varied with
different compounds but the presence of this substituent
was observed to have a marked effect on the shape of the

signal from C-3 proton, which was broadened in most spectra
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and may even be doubled. This was exactly the observation

in the case of SRB the proton signal at 86.08 (1H, s)

1?
was broad, indicating the presence of one methyl group at
2-positicn. The location of the methyl at 2-position was
further supported by the biogenesis of chromones. . .The
melting point of SRB1 was in agreement with that of 5,7-
dihydroxy-2-methylchromone QZ:L The reported52 naturally
occuring 5,7-dihydroxy=-2-methylchromone 97 had a m.pe

y
268° (decomp.) while as a synthetic product Sy 16

s it had

2 MePae 278-2800. From these deductions, SRB1 was said to
be identical with 5,7-dihydroxy-2-methylchromone 97. This
was confirmed by synthesis.

It would be worthwhile to mention in brief what was
observed in the first attempt to prepare the dimethWlether
of SR,:i1 by treatment with HeI/A920 in chloroformEfO This
was a methéd used to methvlate the hydregen-bonded phenolic
hyvdroxy) group of juglone 128. Rather than obtaining the
dimethylether of SRBl, a compound which was identical

o 7 .
with eugenitin 129 (mepe. 163o) 2 was cbtainede.



CH30 CH3

H3C<
0 HO ©
128 129

CH30 CHy

130 Isoeugemtln (m.p.148°)

It had a m.p. 156—197 ’ but because of the Presence
of traces of the 8-methylisémer, that is, iséeugenitin

130 (m.pe 1480)78, part\©f the product melted at 143-144°,

The presence of the B=methylisorer was responsible for

the lowering of/the melting point of eugenitin 129.

bucenitin 139 has keen reportad76 to be difficult

Lo synthesiznte Thils 1s because at one point or another, the acid
conditions used in the usual technigues permitted the

mekld "group to attain the favoured 8-positicn, It was however

ebtained by directly heating 5, 7-dihvdroxy-2-methylchro-
. X : 81 i
mone 97 with methyl iodide and sodiuvm ethoxide ~, Since

this useful result seemed to conflict with the general
) - —— 78 :
cendency of eugenitel 131 to rearrange (at least in acid

0 . . 4 y
nedial) inte the 8-methvliconmer and that of T-hvdrovy -
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.

coumzrins to suffer substitution at the 8-position, the

78
following explanation was suggested.

HO CH3 0 CHj
NS

HO O 9 0

H3C

131 132

The conditions used for C-alkylation at the é-position
were sufficiently basic to ensure icnization of both
hvdro:xyl groups and the ion produced would have structure
132 as a very important cannonical forme In this, the charge
at what was the S-hydroxyl group weould presumably be
mach less diffuse than that originating in the 7-hydroxyl
group because it was less easily chared by the carbonyl
aqroup and so it would be exploited to form new bond with
incering methyl group which could attach itself at the
f=position rather than 8-position. Because of the

=

com~xrative basic conditions leading te the C=ulkylation
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of 5,7-dihydroxy-2-methylchromone 97, using MeI/EtONa
and MCI/Agzﬁ, the same expl;naticn might hold in both
casese Iowever, while only the 6-position was alkylated
with 1eI/CtONa, it appeared a little of the B8-methylisomer
was produced in addition to the 6-methylisomer when'gz
was treated with MeI/AgZO.

The NMR spectrum (FIG.9) of the product of methylation/
alkylation showed the following protom signals (8ppm):
2.08 (3H, s, methyl group on y-pyrone), 2.35 (3H, s,
aromatic methyl), 3.73 (3H, s, axomatic methoxy), 6.03

(1H, s, proton at 3-positiocn Bf +~pyrone), 6.35 (2H, s,

aromatic proton) and 1247 (A, s, disappeared with DZO)'

SYNTHESIS CF 5, 7-DIHYDRCXY-2-METHYLCHRCMONE.

There are, twc synthetic approaches to 5,7-dihydroxy-2-
methylchrongrie 97. The first goes through 5,7-dimethoxy-
Z=methyl€imwcmone 126, which affords 5,7-dihydroxy=2-
nmethulehpemone on demc_-thylt—-.tiOn?2 The second method
inyelves the formation of y~pyrone ring by treating
2,4, 6-trihydroxyacetophenone with sgetic anhydride and
sodium acctate.

The latter method93 was zmployed in the synthesis of

27 because of the easglly accessible 2,4,6-trihydroxyaceto-
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-

;9
phenone either commercially or from Heoesch reactlon.6

Refluxing a mixture of 2,4,6-trihydroxyacetophencne,
acetic anhydride and freshly fused sodium acetate gave

53, 7=diacectoxy=3=acetyl=2-mcthylchromone 133, m.ps 129—1300,

(a]
L

Ly

ait’”, 129-1319. IR (FIG. 10) and NMR (PIG{11).
F
Treatment of the diacetate 133 with dildte hvdrochloric

mcid afforded 3-acetyl<5, 7-dihydrory-2-methylchromene 134,
R - eh 23 e aeaG - S -
Nepde 250-2517, (Ait. ~, 25C-251 }o ThAIAfra-red spectrum
("ZG. 12) shewed the characterigtie ‘carbonyl absorption.
=

L]

4

at 1660cm
3-iAcetyl~5, 7-dihydroxy«=2<nethiylchromone égi was
digested in aqueous sgddum carbonate solution by hoiling
under reflux, fcllowed hy acidification to give 5,7=
dihydroxy=-2~-metVylchronone (noreugenin) 27, m.pe. 280—2820;
(?iﬁ.q3, 201-2629. Tre IR spectrum (FIG. 13) was identical
with the/IR‘spectrum of the naturzlly occurring noreugenin.
The na@ss)\spectrum gave the molecular ion as 192 which
agffed® with the expected vzlue. The synthetic procedure

isvrepresented in scheme 14.



OH

p
COCH3  treshly fused D3
CH3COONa
COCH3

HO OH AC, O
(reflux) AcO O
133
dil. HCI
(reflu x)
HO CHs HO CHy
Ag- NaCO3
(reflux) | COCHs
H O H 0
97 134

Scheme 14
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There was an iﬁieresting observation during the
synthesis of 5, 7=dihydroxy=-2-methylchromone. At the
initial stage when 2,4,6-trihydroxyacetophenone was
treated with a mixture of sodium acetate and acetic anhydride,
the product of the reaction appeared as a single spot on the
t.lec. plate. However, two different compounds were recovered
from the column chromatography of the reaction product
on silica gel, which showed that two compounds were formed
during the synthesig. The second compound corresponded Fo the
expected 5,7-diacetoxy-3-acetyl-2-methylchromeone 133 but the
first component appeared to possess the structure 135. This
is the first report of this side reaction in the synthesis of
the chromone. The mechanism for the formation was explained

as shown in scheme 15.

O, CH3
AcO A?\f/ Ope
~L=cC ___\ OAe

\
AcO (I:! H3C OAc
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HO 0
ICH3CO‘°
Os. _CH3
. W~ A C\lc/
Cc em@
e ~CH2
C _ALH ﬁ
a0 O (o Ac AcO {4
C
H3 N
8 OAc

Scheme 15
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Scheme 15 contd.

Q. _CH :
X3
C/CH\ g OAc

AcOo I
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The IR spectrum (F1G.14) showed the acetate
absorption at 1770cm™ * and the carbonvl bands at 1680cm
and 1640cm-1. In the MR spectrum (FIG. 15), the six
acetate and the twe methyl groups appeared between $§2.24
and §2.50. The two pairs of meta~coupled protons showed
up at §6.46, 86.62, 56.80 and £7.10 as one proton doublets
each (J = 2Hz).

I? is necessary to mention thaty.although SRﬁi has
been reported to occur as a natural product52 and was
well known as synthetic product75’76, much work was
done on it for two important“réasons. Since in the MR
spectra taken beoth in dG—DRSO and dB—CH3C0CH3, only one
phenolic hydroxyl group—ébsorption was observed in each
case, which occured at §12.7 (1H, s, disappeared with DZO),
there was doubt”as to whether SRB1 was identical with
54 7=dihydypox¢-2-methylchromone. This necessitated the
Preparstion’ of many of its derivatives. Secondly, SRB1
wasesyithesized because it was discovered in the course
of\tiiis work that two chromone alkaloids, schumannificine
(SRB4) and N-methyl schumannificine (SRB3) were related to
SR31 and the latter could be a good starting point in
the synthesis of these alkaloids, The relationship between
the two alkaloids and SRB,1 is discussed in detall under

"Chromone Alkaloids".
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CHRCIONE ALKALCIRS.

(I) SCHUMANWIFICINE (SRB4)

The compound, San, hereby named schumannificine,
which had a mep. 234° (recovered from MeOH) was shown to
contain nitrogen (microanalysis) with molecular formula
C16H15H05. It gave a positive alkzloid test with the
Dragendorff's reagent. It also cave a positive ferric
chloride test so it was plienolic.

Much of the' information on the structure of
schumannificine (SRB4J came from the alcoholic potaséium
hydroxide hydrolysis of the alkaloid and the comparisen
of its mass, Mltra-violet, and infrared spectra with those
of 5,7-dlhydroxy-2-methylchromone 87.

Alcrholic potassium hydroxide hvdrolysis of schunani-
ficine cave a compound which was identical (MeDe, mixed
MeDe ond spectra)with 5, 7-dihydroxy-2-methylchronone o7.
This established the chromone portion of the constitutional
formula of schumannificine. The nitrogencontaining portion

of the alkaloid could not be isoclated from the reaction mixture,
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In the NNR spectfum of the hydreolysis product, the two
meta-coupled protons appeared at 55.18 and 56.28 as a
pair of doublets (J=21z) ns expected, whereas there was
no mcta coupling in the starting material, that isy SRB4,
but only one aromatic proton was observed at 86466.% This
then suggested that either the 6~ cr the 8-positicn of

54 7=dinydroxy-2-methylchromone was involved n a bond with
carbon. However, it is a well estaklished fact that

vhen phloroglucinol derivetives, and ehromenes are

refluxed with methyl iodide under basic conditions,C-:Ikylation

81,84,85
‘ -

uzually takes place In the

9]

ase of §5,7-dihdrory-
2-methylchromene, the 6=b sition is nmore susceptible to
78,81 .

T—olkylation than the 8-po:¢tion. Since on refluxing
SRB4 and 5, 7-dihyd¥oxy-2-ncthylchromone scparately with
Mel/ig,f, no CELadkylation was ohserved in the former
while alkyXatdoh at C-6 Look place in the latter, it was
recsonallle fo meake the deduction that the 6-position in
SRE& vas bkonded to a carben atom. In the INR spectra of
30th hatural and synthetic chromenes raported hy Zadawi

79 |,
and Fayez ~, that of 5,7-dihydroxy-2-nethylchromone was

mn in deuteropyridine. The chenical shift value for the

Jydrogen at the 6-pesition was 86458 while that ot the



8—pozition was 8§6.67. In the MR spectra of both SRB4 and
SREB taken in deuteropyridine, the aromatic proten

appeared at 86466 which was very close to that of the
hydrogen at the 8-position of the chromone. This
further strengthened the arguement that the 8-pogition
was bonded to hydrogen while the 6-position)was bonded to
a carbon atome. On the basis of the hydrolysis and the
above deductions, the partial structure»136 was assigned

for the compound.

Comparison of the IMR spectra of SR34 and 5, 7-dihydrosiy-

2=mcthyhehromone 97 rcevealed that hoth the methvl group and the

'y

uge precon at 2- and 3- positions respoctively of y-Pyrone ring
vere s5till present in SR34. The UV and IR specira of
schumannificine (SRBQ) gave characteristic chromone

absorptions,
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It was observid that the diacetate and the dimethylether
derivatives of SRB4 were formed when SRB4 was treated with a
mixture of pyridine/hcgo and HeI/A920 which suggested that therec
were two hydroxyl groups in schumannificine (SRB4). Since
samplcs sent for mass spectra and microanalysis were lost in
transit, no report of mass spectra and elemental ‘analysis could
be c¢iven here. The two acetate proton signals had different
chemical shift values; §2.05 (2H, s, OCOCHa) and §2.36 (34, s,
—OCOCHa). The three proton singlect at (§2.36 was assigned to the
acctate attached to an aromatic ring'while the other was for
the acetate attached to a noh-aromatic ring. S%nilar thing was
observed in the NMR spectrum/of the dimethylether of schumanni-
ficine (SRBq). The aromatic and the non-aromatic methoxy protons
cave proton absorptions. at §3.90 (3H, s) and §3.40 (3H, s)
respectively. Ones/Proton signal (1H,d) which appeared
at 85«7 in the dimcthylether derivatives shifted deownfield
to §G.93 in bht diacetate and monocacctate derivatives of SRB4.
This proton was suggested to be at the base of one of the

hydroxyl ‘groups in the starting material, that is, SRB The

4°
doublect nature of the proton showed that there could only
be one proten on the carbon adjacent to the proton. The proton

was then located on a carbon lying between tertiary carbon and the

nitrogen atoem. Though the isomeric structure 137 could not be

complately ruled out, the linear structure 138 was pronosed for
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schumannificine (SRB4) by considering the above reasons
discussed in connection with the chemical shift of the

only one aromatic protcn observed.

O OR
H3C._0 .
H3 0 IA @ C DN—R3
‘ O Or' 0 OR?
RZ0" N B
13 ‘

lgji 2 |Q1 :FQZ:ﬂQB =H

On thelbasis of the ahove workinc structure, the
prelable mechanism for the alkaline hydrolysis of SRAB
was woposed in scheme 16. The mechanism explains the
formation of 3y 7=dihydroxy-—2=-nethylchrom-nc. The nitrogen-
containing peortion 139 of the hydrelyzls reaction is a

- ey

secridary amine, se it is not surprising that it could not



Y
24

> isolated

From the

wiiecus zcidice medium and even aftep

acildification Dbécause of the formallion of secondary armmonium

S -‘:il‘: -

was possible.

Ty

O HO O

=

H3C
HOZC/CNH

Its further decomposition as shown in the scheme

HO OH

H3C
N-H ’ N —H
f) OH

1

OH

1-°°z T

Scheme 16
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Scheme 16 contd.

UHz
NH, CHO

HO2C CHO

(B) is another 2 JI
possible route CH3CH0+CH0(CHZIZNH2

Alkalinelhydrolysis has been regarded as onz of
the importombt=fundamental methods in structural studies
78

of pelyhydroxyflavones and chromones. Acyl substituents

wera\sgid to he rasily rexoved from a Phloroglucinol residue,

hence alkaline hydrolysis of cugenitin 129 was
report 1

ed to produce acctone znd the phenol 140, When chrvsin
1£1 was heated with potassium hydrozide, it oive ~hleroglue
LA y 3

cinol, acetic acid, benzoic acid and a little acetophe

Zinone

scheme 97, a1l these reactions rentioned zhove
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The mass sgectrum (FI5. 16) of schumannificine (Sﬁﬁé)
indicated a parent peak at 1% 317 (12.1%) which agreed
with the molecular formula. The following proninent pealss
were cohserved with the percentage relative abundances
shown in brackets: 299 (11.3), 271 (2. 45 (12.9),
231 (11.3), 219 (11.3), 218 (16.1), 217 (170 205 (27.4),
192 (100-base peak), 189 (21), 177 (2.7) )\ 164 (29),
163 (25.8), 149 (12.1), 124 (24.2), 97(26.6), 96 (18.6)
and 69 (33.9). Comparison of the unass spectra of
5y 7=dihydroxy~2-methylchromone 97 and those of the
alkuapids, schumannificine.(SRBdi and !Nemethylschumannificine
(SRBB) led to the folldwing fracmentation patterns being
protosed for the two\ ~Llialoids. These are shown in schemes
i8as; 18b, and 18ce. \The order of arrangenent of the
‘fragmrnt iong _shown in the schemes was dictated by the
various olsesvcd masses of the fragmentse

The\infrared spectrum of 3?{!34 (rIG.17) showed bands
at 325"cm_1 which was asriched to Sil-H. The formation
ciyan amnide, SHN-COCH, when 3RB, was treated with =
nixture of scetic azcid and acetic anhydride in *the pnresence
of catalvtic snmount of p-toluenesul iasic acid, further

rrovid-d ovidence for the existonce of >i~H. The kand was
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Molecular ion; R=CHgymle 331 R=CH3; m/e 313
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-CHy=CH, mle 28
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Scheme 18a
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retaincd in the diacectate prepared by treating SRE4 with
a mixture of pyridine and acetic anhydride (where no anide
was formed) and in the dimethylether.e A weak hand

appeared at 1710cmﬁ1, while the characteristic chremone

1

carhonyl absorption t.eore observed at 1650cm ’ 1620cm"1(>C=<3

ether linkages showed bands at 1165cm"1 and 1090cm“1. The

substltuted aromatic rings shewad the charaéteristic absorp-

1 1 1

tion bands at 1580cm ~, 84Scm ~ and 720ch .

The UV spectrum (FIG, 18) tokerein mncthanol was

.

&
L3 . N o] .
characteristic of the chromone snries,zﬂhnwing abscorption

maxina at ) (log &; 226/4%.13), 225 (2.12), 253 (2.86),

“max
260 (2.82), 280 (3.88, &R), 290 (21.85), 210 (3.95, sh),

]

320 (2.96) znd 333nm\{2.27, sh)e The NMR spectrum of

SRB_ was not studied in isolation but was compered with

el

that of 5R53 taflen in the same solvent ~nd that of 5,7-

-

dihydioxy=g8#£mthylchronone. Since L?RI!4 was nut soluble
‘n deutdrdfhloroform, the "TR speckrum (PIG. 12) was
taiedNin druterenyridine., A proton signal wes ohserved

&g 2 Lypoad singlet ol 86420 which was cimilar o that

at the 3-position of the y-pyrone ring of noreugenin 97.
In adaition, » three pProton sinclet vhich wes assigned

s

te Ehe ncthyl group ot the 2-position of weDiyrone sphzarcAd



at 82430 and a two proton signal showed up as a singlet

Initially, it was ¢ifficult to assign the latter
two protons correctly, but when the NMR spectrum was
compared with that of 3R83 taken in the same solyvent,

the two proton singlet in the MR spectrum of /SRB, was

3
identical with thaf earlier observed in theJIMR spectrum
of SRE4. The NMR spectrum of SRB3 taken in deuterochloro-
form confirmed that there was only ong aromatic proton
which occured zs a singlet at §5.30 and an additional one
proton doublet at 8§5.70. It wmas then concluded that in
deuteropyridine the profon absorption at 85.70 shifted to
8G.66s This arcument was further supported by the
observation on the={MR spectrum of the dimethylether

of SRQ4, wheré an ‘aronatic proton anpeared at §6.35 as
one nroton/sinvlet and the one proton doublet occured at
55684  Prem the above comperison and deductions, the
tﬁo proton singlet at §6.66 in the NMR spectrum of SRB4
t=ken in deuteropyridine was assigned to an aromatic
roton =nd a proton at the base of a hydroxyl group which

in deuterochloroform appeared 2t 55.68 as one proton doublet

(J=4iz). In effect, deutercpyridine shifted the proton



~r—

S .

1 3 i e i 1 N | = T 4 2 4 4 1 + t
S — " | e e P e T Yoaoar s o ey | A
"o 7.0 ) 10 FEMO “n 30 10 19 ®
MANUAL Auvto | samrin SO " TIMARNL
SWILP 1T () = IWHER TiML (400), * (210}
PPRCTRUM AMPLITUDE nb Ve dP WD ) » ‘ (3009
wsseay amrvtone, 4 D Tihee JeToleg «
NING BATL PRt RY PGER AAVEL \ [E-T] sowvin O f H'-,}
J fom 40 Miie NMR
pate, AYSY L OFiEATL . BPECIEUM MO,

|
e . l
VAN ELEMMG T ) i E
I e PR & -\ S
;1A
SAMPLE ",4(,:,5/,4:,/ ‘r,ggf . /1/ — A ATTNREE] Jast . ,;,.,.,,./ g E
' 1 | 1
Acby SOLVENT .. R J ErATER J-0-A0bye - lzé’/"f’ i
np- cone, T | ___."'-' < E B
| ! I I i
CELL FATH L) __‘! S — [
l\. | i
OCRIGIN _ . N ERCNZE _ . ¥ i L
T . ~ T T T Y 1 y v = .“L A 1 s
200 400 99 1300
I [ rH»
i ]
| -- @
. |
{ A \
| ' H
| : Bt
f | | i
' / \ -ms_ !
' ! E |
! | T — [
| T ol |
| |I,f‘v-,- Pl == ___,,———--r""/_"’ | ’ . .
| I B e S | [
| T \ ‘ L‘] )
o i J Y, )} Mt e B Aa
dabgat fefer L fi'nl-".vl- ]‘-.Ia.m".{" ""fe-.'.a'.l".‘_‘, '-'_!.":'.{w“.‘u.‘.j.n'q‘".x'<,"-'/-.' i Vi ey -'*J"'“rﬁt' L*“.TH *‘JW‘.‘.’-‘WN#-W-"H L .
! Fig 21 i




130.\

-

at the basa of the hydroxyl group dowmfield and at the
some time affected  the multiplicity of the signal. The
remzining protons could not be accurately estimated
Zfrom the MR spectrum because all the acidic PyCtons,
Cege =0-H, and >N-H haq becn removed by the'Dza in the
deuteropyridine.

Acetylation of SRB4 in a mixture of pyridine and

acetic anhydride gave the diacetdte (138; Ri-Rznﬂc,R3=H),

mePe 217-219°. The IR spectsih $7I6.20) of the diseetate
showed bandg at LTI 3150cm—1(>ﬂ—ﬁ), 1750em” (=0Cac),
1560 (carbonyl) 1600 (3C=Cg, aromatic), 850 and
750 em” ¥ (suvstituted aromatic ring)e. The NNR spectrum
(FPIG. 51) of the diutetate taken in :DCIB (sparingly
soluble) showed‘tpe fcllowing proton signels (3ppm) ;

2.05 (31,57 Jon-aromatic Onc) 2.32 (31, s, —CH, =t

2=} 0citigli~of y~pyrone), 2.36 (3H, S, enol Oac), 3-3.8

(Ci, \m%/CH and cH_), 6.02 (11, s, proton at 3-poeition

S N

of\ ¥-Prrone), 5.50 (111, s, aromatic proton) and 6.93 (1H,
fly J = 4Hz, proton al the base of acetoxvlgroup).
Trectment of Skﬁd with a mixture of acetic acid and

acetic anhydride with a catalytic amoun®t of p-TSA resulted

in the acrtylation of loth the secendary alcohol ( sCHOH)



r T T I T T T T I T T T T I T T T Ll L L L] ' i T T T T I’ T T L T T 1 lr ¥ l ¥ L L] T L
I . T : T T | T T T T T y T T T ]' T T | .
! ! : 100 ! ! | 0 Hz
B0 e e o L St L T MR o < 2NV 15 WD S N
SN S R | | | | G S
ol Sl | e
| i i ‘ ! | i I [
S SRR, S -
= ; ._._? ¢ rEe | e .I . = i : -l - 3
| i i | g {5 7l ; ¥ | |
VA i | 1Est ol de
I - e ) ' [ i
B PRV Y - N P S W AN O Wt s S g 0 i B 4= :
| it B s o | :
| | 1
| | |
| | O

L=

Fig-22 ° |

J . 1 1 b 1 1 1 1 ! i 1 ' 2 1 1
[ A " l L A L L I L 1 I3 I I i 1 L L 41 L ' i I 1 A AL i [ 'l L i i l Il i I i I I I A i Jd
8.0 7.0 4.0 5.0 PPM (4} w0 3.0 _ 2.0 1.0 0
MANUAL | OAUTO L saMPLE: Froded o 2000t REMARKS: :
::;Ecsr:u‘i:riir(::\);n! ) 3220- e o, R G‘ET?/'m"c'&)’ i iam9 : A nﬂ*{/ ’“"}) G Jaf” -
j D sweep.wioTH (Mp),  [BISTOne™” ) (500 . )
INTEGRAL AMPLTUDE: __3:0 __ FILTER; LA fSTafyTa] 5 2y f KBy
SPINNING RATE (Rps): _ Lb0_ __ RF POWER LEVEL: ___ 008D L (08) | sowvenr: € J) Cly
y, ?/?5) . 80 MMz NMR
DATE: . J i i camaanas OPLRATOR: _ = SPECTRUM NO.

o —— - 3 j : FS OSSPy ro o s e e




131«

and amine (SN-H). The product of acetylation which was
2
an amide of the monoacctate (1383 R1=H, R = R3 = Ac) was

very scluble in CDCL unlike the diacetate. The NMR

3,
spectrum (FIG.22) tcken CDC13 showed a six proton singlet

at 82.02 (-OCOCH,. and >NC0CH3) which was considered a

3
little high field for an enol acetate. The three-proton
singlet assigned to the methyl group at the, 2-position

of y~pyrone still appeared aﬁ 52.32 while the six protons
(methylene and methine) showéd up bétween §2.8 and §3.7

as rnultiplets. The proton signals at §6.05, §6.24 and
56484 were assigéed tc the proten at 3-position of \-pyrone
ring, aromatic proton and/the ‘proton at the base of
acetoxyl group resrﬁitively; The phenolic hvdroxyl group
vhich was not acetylated still appeared at §12.5 as one
proton singlet,

This amdde ‘of the monoacetate of SRB, was not stable
and sc, amassing through a column of silica gel, it was
half-eohverted to the monoacetate. The evidence for
this\was obtazined from the MR spectra. The amide was
completely converted to the monoacetate during the
1 3

recrystallization process. The monoacetate (1283 R™ = R™=

H, R2 = Ac) which had a m.pe. 153—1550, was similar in its
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MR spectrum (FIGe 23) to that of the amide except for
the pezk at £2.02 which was reduced to a three proton

singlet from the six proton sinalet observed in the case

of the amide.

The dimethylether (2138; R = R2 = CH3; R3 = H)
which was obtained’Ny treating schumannificine (SRB4)
with & mixture of wiethyl iodide and silver oxide in

80 (o] :
chleoroform Nad a mepe 225-226 « The MR spectrum
(FIG.24)~was quite informative and showed a three pbroton
singlaf=at £7.20 which was the same methyl group zt
2=posdtion of y~pyrone ring, the methylene and methine
protons appeared as six proton nultiplets between $3.0

and §3.80, The two three proten singlets at %3.40 and

82.90 were assigned to the non—arcomatic and aromatic



£

Abundance —-»

Relative

%l

L4

++
fea

~
£

ST

o«
=

50

403

303 g
E =~
E L]

4

9435 LM GKOGUN/AJYE
ka
beBy

e et b o e s i . b B e B

133a

DEHYDROSCHUMANNIFICINE

f P -
"'\-—_-___—- -
1}
\
&
9 &
‘g
o o
™ ? .-\ ~ & 3
- ¥ b > > 'YT
d s ‘* | ‘\’2 Il
fos T AP j e y 1 i
i .‘1. rl{l o r;-\i :;‘I.!:“.: 4 "'._'I-i!..lln-rﬂ.r hl‘fn‘r"" .:.rwn ™ FI rﬁidl' A
150 -3 250

STEP NASSsil, XIrBrS = 1%

Fig. 25

T

- —r———

e




133.

methowyl croups respectively, while the proton zt the

base of the methoxyl group showed up at §5.68 (J=4Hz)

as one protén doublet. The presence of the methoxyl

group has no effect on the chenical shift of th\base

proton, but in the case of the diacetate, amideland the
nmonoacatats, the same proten was shifted do'mfield to &6.

and 8A«84 respectively. This served to\prove the rela-
tionship between the base proton andg “Ehe secundary

alcolhicle The proton at the 3-p63ition of ~pyrone and

the aromatic 'roton apprarcd wE™86.01 nd 85.35 rcsp;:ti¥uly
in the dinmethylether of SR33¢ The MR spectrun of the
dimethylether of SR?A suggested a total of 19 nrctons from the
integration which was in agreement with the expected dimethilether

of az combound sMith the molecular formula, 0.

G b
16 15 6
SR34 was dehydrogenated by a method revorted by

; 26 : ;
AlnsworbhNC e Refluxing a mixture of SRB4 and palladium
on cprhol in nitreobenzene gave a broduct which had a
e A0 -0 o m i £ - B 3-
ey 224--296 « The mass spectrun (FIG., 25) gave the

+

npl ccul =y ion, K, as 295 whizh appeared to agrze with

the molecular ion of a compound with structure 142,

-
fromfuent aneng the neaks obhtained from the mass spectrum
y ok - OV ~ or et
Se :ﬁs (;.‘n - buase l“a;":‘."‘.]:), 28 T (21‘,-‘)' :5'; (.;.el,i}’

~en 6 o9n), 1922 (4200, 172 (8), 134 (9%), 1U5 {100,
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100 (79%), 92 (1;%), 83 (12%), and 69 (13%).

The UV spectrum (FIG.26) taken in chloroform (due to
insolubility in MeCOH and EtOH,) showed the following
abcorpglion maxima, lmax (nm) (log e), 258 (4.38), 265 (4.41),
269 (4.41), 321 (4.06) and 328 (4.07). The highor vzlues
of the extinction coefficient when compared with the
valtes obtained for 5,7-dihydroxy-2-methylchromone or
schunannificine (SRB45 suggested the dntroduction of
additional conjuéation-

What appeared striking inpthe infrared spectrum
(FIG. "27) of the dehvdrogénation product was the absorption
band at 1?40cmﬁ1. THig band which seemed to be characteris-
tic carbonyl absorption of aryl ester or lactone was high
for aryl ketond dr the hydrogen-bonded carbonyl group
off the y-pyxonesd It was not easy to explain the hich
value ofd tho hand becsuse the band at ‘L'?*.].Ocm“‘l in the
startingimaterial, i.e. SRB4 was too weak and of much
lowdx -intensity when conpared with that of the dehydrogena-

tien product.
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However, it was suggested that, probably the removal
of the hydroxyl group during the dehydrogenaticn which
automatically removed onc of the hydrogen-bonding affecting
the ncig%?buring carbonyl group and possibly the effect

of the nitrogen atom in the rin might have been
g ’ .

responsible for the shifting of that carbonyl.bend to

B in 142 and 1710cm_1 in SRB4 are

1740cm—1. The bends at 1740cm
difficult to explaine .
12 - vyd' ~ %L
Hewever, according to Williams sd=Fleming s the
§ i -1 .
carhonyl group in lactams, which ahs@ribs at 1745cm in

four-ring lactam can he shifted, Dw ~|-‘l‘5c:rn“d1 becaussa of'
the presdnce of an additiomalf{double hond, as in R-CO-
N-C=C or -C=C-CO0-N, This{is an unusual effect for

o9 S-unsaturation and it-is said to be due to the inductive
effeét of the -C=C~ on the well conjugated -CO~N systeme
Although in cempound 142, the nitrcgen atom is not in the
a-bosition 86 the carbonyl group, it is well conjugated
with the \carbonyl group in the system (-CO-C=C-ll), since
it is N1 the y—-position. This is a vinylogous relation-
shipe So, “robably the same explanatisn can be adduced
fcr the unusual high valuc of the carbonyl Function in
cem cund 142, In additicn, since, the pcssibility of

rezrrandisment to lactone during the dehrdrocen: . tion



il

o e— e ot

:-.a.%ﬂ-... L) r sezEn f__suiT.

\,\nh__ﬁ..l\

COR _Mseseye  DATE alalrg

|
e ] L e e
y . I VR Lophondl o JRRY oot g |
1 S\ S ~ivbreD, BEA

CONSFIELD,

-

- e

A —

BUCKS

——

"

‘ON



136.

reaction is ruled out and the¢re is no lactone band in
the starting material (SRB4) then the band at 1740cm™ *
could not be assigned to a lactone groupe The y~pyrdne
carbonyl band appearéd at 1660cm-1 while the aryl{ ether
bands showed up at ‘1260&:1':1-'.1 and 1165cm-1.

The product of dehydrogenation which preved resistant
to acetylation in a mixture of acetic anthydride and pyridine
at room temperature was however acetylated when heated in
the same mixture at 100°C for & hours. This acetate had
a mepe 285-287(subl.) -and the TRtpectrum (FIG.28) showed
1

the acetate and carbonyl bands/at 1750cm—1 and 1670cm

respectively,

Attempted synthesis of the dehydrogenation product 142

The first 'sYnthetic approach involved an acylation
reaction Metween nicotinyl chloride and 54 7=-dihydroxy-2-
methyleliremcne 97. Nicotinyl chloride was Prepared by
treating nicotinic acid with thionyl chlcride?7 Since
the resulting nicotinyl chloride was not stable, it was
prepared in situ and immediately used for the acylaticn
rcaction with 5,7~dihydroxy—?~muthylchromone_21. This

approech proved unsuccessful .
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Attempts were made to acylate 97 and its dimethylether
with nicetinic anhy@ride in the presence of aluminium
chloride. The nicotinic anhydride used was prepared by
reacting potassium nicotinate with oxalyl chloride in
bbnzenega The method reported by Staudinger89 was
employed in the preparation of oxalyl chloride, though
the yield was poor due‘ to the decomposition of oxalyl
chloride during fractional distillation. These did not
give any positive results.

A well-known synthetic routevwhich leads to the
formation of hydroxyxanthenés and hydroxybenzophenonesgo
involves the trcatment®ef g-hvdroxyacids with polyhydroxy
comrounds in the preserce of zinc chloride and phesphorus
oxvchlorides This, then, meant that g-hydroxy- or
4-hydroxynicetiplc acid 242 had to be synthcsizod; The
polyhydrexy compounds such as phloroglucinol, 2,4,6-
trihydroxyacetophenone and 5, 7-dihydroxy-2-methylchromone
wérc enployed 1n the synthesis. The proposed synthetic

route is summarised in schema 19,



CH CHy "3
w (Y czcoon ([ ~_Hs0, @/E
. 30% Hy0q HNO3

o 0~ 0~
i) PCI3
Cl Cl o
(\ COOH O/COOH @, 3
KMnO
'ref[ux N - -
143
o Z Cl
(B) (i)143 L/ 417 . 9
(143 + Poch
0
_4_
HO OH H
(iD143 + ZnCly =
- ' —POCI3 N
Cocn COCH3
HO 3 O OH
145
HO 0. CH3 0 CHj
(iN43 + I znciy
HO O 2
97 142

Scheme 19
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]

Ao SYNTHESIS OF 4-HYDROXYHNICOTINIC ACID.

4-livdroxynicotinic acid was synthesized by the
method reported by R05591. 3-Picoline (3-methylpyridine)
was converted into 3-methyl-4-nitropyridine-il-oxide.by
treating it with aqueous hydrogen peroxide (30%) in acetic
acid at 70°C for 24 hours. Evaporation of the .solution
under reduced pressure gave 3-methylpyridine-l-oxide
which was a yellow viscous oil, Treatment of 3-methyl-
pyridine-1-oxide with a mixture of {cencentrated sulphuric
acid and concentrated nitric acid aff?rded ﬁ-methy1-4—
nitropyridine-~1-oxide, ma.p. 135-1370 (1it. , ‘137D liu.
136-138°).

A solution of 3-methyl-4-nitropyridine~1-oxide in
chloroform was satUrgted with dry hydrogen chloride gas
=t room temperaburc. addition of phosphorus trichloride
followed by heating under reflux and evaporation of the
chloroformMnder reduced pressure yielded 4-chloropicoline.
This wds isolated by dissolving the residue left after
ev;pofction in iced water, rendering it strongly basic
by acdiné saturated aqueous sodium carbonate and finally

steam-distilling to ¢ive pure 4-chloropicoline (d; 1.16g/CeCe)e
s
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-

A~chlorepicoline was oxidized to 4-chloronicotinic
acid by dispersing it in water and adding potassiunm
Dermanganates Hgating it for 4 hours at 80-9C°C gave
4~chloronicotinic acid mep. 174-176° (decompe )y

21 o 93 94

(Lit.” ", 175-177°%; 1it. ~, 162-163", 1it )

s \164 ).
This acld wag isolated by filtering off sthe, precipitated
manganese dioxide, concentrating the filfratw ind finglly
adjusting the pH of the concentrated filtrate to 3 with
concextrated hyérochloric acigen, The infrared spectrum
(FIC. 29) showead the hydroxyl’group of an acid at
?EEOcm-1 and the carbonylh absorption at 1725bm-1 and
163Ocm_1.

d~chloronicotiniec acid was converted to 4-hydroxyni-
cetinic acid 2143 by refluxing it in water for 1 hour.
After adjusting the pH of the sclution to 4 with sodium
bydroxide, "evaporation to half bulk and cocling
afforded the 4=hydroxynicotinic acid, m.p. 249-250°
{1it;91, NeDe 2500; 260° (ctecomp) J« The molacular icn,
17, was given zes 132 (mass spectruml). In the IR spectrum
(FIG, 20) of 4A-hydrowynicotinic scid, the nuvdromxd, and s
the carhemyl hands apdearcd at 3250{_:1'-.‘1—1, 3‘10061{-‘] and

-
178 0en 3 1700ém - recpectively,
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Bs CONDENSATION REACTIONS.

Attempts were made to react 4-Hdroxynicotinic acid 143 with
phloroglucinol, 2,4,6~trihydroxyacetophenone and 5, 7-
dihydroxy=-2-methychromone 97 séparately in the presence
of freshly fused zinic chloride and phosphorous oxychloride.90
This was with a view to obtaining 144, _and 145 respectively as
'intermdiates in the synthesis of 142. At the recommended
temperature, that is, 60—70°C, there was no reaction in
both cases, When the temperature was increased the reaction
mixture was charred, Since the same reaction worked with
ortho-hydroxybenzoic acid, then the hetero nitrégen had
hindered the reaction by its electron donating ability
and tendency to form complexes with the lone pailr of
electrons from nitrogen. It was not surprising then, 2
that when either nicotinic acid or 4-hydroxynicotinic acid
was heated with 2,4,6-trihydroxyacetophenone or 5,7-dihydroxy-
2=methylchromone at 180°C in the presence of zinc chloridegs,
there was no condensation.

Hoesch synthe31396 was employed in thethird route

designed to lead to 146 as an intermediate to 142.

p~Cyanopyridine required for this synthesis was prepared
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S7
by dehydrating nicotinamide with phosphorus pentoxide” ',

vhile the commercial phlcoroglucinel was used.

Synthesis of 2,4,6-trihydrorynicotinophenonc 146

Dry hydrogen chiloride gas was passed into _a “€ooled

[

mixture of phloreglucinel, p-cyanopyridine shid.finely
Povderad, fused zinc chloride in 1,2-dimatWoxyeothane
(selvent), The reaction flask was left %d stend in an
ice~chest for 24 hours. After the.dry hydrogen chloride
has been passed through the solUtipn again, it was fept

in a rcfrigerator for 3 daysy (The solid precipitate
collected was refluxed yithN\water for 2 hours, decolorised
with charcoal and fiYEexdd hote This afforded vellow

yatals of ",ﬂ,G—trihyd:cxynic:tincpwcuﬂnu,245 MePe 253 =

7
F

The ipfrwftd spectrum (FIG. 21) showed the hydroxyl

=

. ""1.
absorptioms Yot 3450cm ~, 232230cnm and tho carbonyl

-7
ebeoxftdbn at 1647%cm ~. The low carbonyl absorpticn

i

. -~

vasneUe to h‘_"'.’;.r{.‘;;r :‘1--?_;:"_‘2(11.'15‘_’. Thae UV snectrum {(FIG. 32)

tXen in mothanol has the following sbsorption namina,
Novvwsr @ 207, 222, 205 Zid S45Am
U ¢
Sovpennd 146 s ek soluhl COCE 5 ne th 1R
C >
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was cbtained by treating 146 with a mixture of pyridine/
I£2G gave the followlng proton signals, §1.92 (6H, s,
two ~CCOCH_ at 4- and 6~ positions), §2.30 (34, s, --OCOCH3
at 2-position), §6.92 (21, s, twe equivalent aromatic
protons at 3- and 5-positions). The four pPyridiné Proton
signals occured at §7.28, §7.93, 88.67 and 48.88.

Attempts to introduce the acetyl group into position
3 or 5 In compound 146 by Hoesch synthesisgs failed. Also,
introduction of the nicotinyl qroup-into 2,4 ,6-trihydroxy-

3

- ;
acetopheonone hy the same mothod was not possible., The

nrorosed scheme 20(k and ¢)/is. shown belowe

0 OH
NPT N e @
N=zC ZnCI2 “
OH

NH - HCl
H20

reflux)
HOw 2 BOH B
3 N
2 G

Scheme 20
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Scheme 20 contd.

OH o
S dr dry HCI HClI
b) /@\I CHyCaN il o JE;[
C CHA(HCI-HN=C)
1 3
HO 0

HZO (reflux)

/Io CH3 C0ONa OH/@
AT: 0
crbcwm /C {rabliin) S0
I

OACO 1

|l HCI

H3c_o H
/Q\: ag-NayC03 _ ||
¢~
0
OH C _dry HCI_HO
N ZnC
CH3C = L. o]@

NH -HCl

HZO (retlux)

o
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In the above scheme, steps b and ¢ could not be
achiecved despite the fact that 'MPA was used instead of
the 1,2~-dimethoxyethane that was employed in step a.

When both reactions were carried out in HMPA the problem
of scolubility was removed, hut the expected produtts.were

not obhtained.

II. Ne-methylschumannificine (SRBB)

N=methyl schumannificine (SRB3), which had a me.p. 208-
209° was obtained pure by fractional crystallization from
methianol of a mixture of SRB3 and SREB‘. It was shown to
contain nitrogen (microanalysis) and gave a positive
alkaloid test with Dragendorff's reagent. It gave a
positive rhenol testy with ferric chloride solution.

The clemental analysis gave an indication that one
melecule of methanol was picked up during the fractional
crystalligzéti¢gn. N-nmethylschumannificine (SRBB), with
noleculag\icn, M* 334 (just 14 units greater than that
of SR54) was assigned the molecular formula, C1f117N06-

SRHB was found to be closely related to SRBd.
Corpariscn of the IR spectra of the two alkaloids taken
in deuteropyridine, those of thelr diacetates and

dimethyl ethers taken in CDC1_ showed that the only

3
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difference between SR3, and SRB, was a threc proton

a

singlet which appeared at $§2.95 in the NMR spectra of

SRB, and its derivatives, and was assigned to >N—CH3,

but was absent in SRB4 and its derivatives. SRB3 was

therefore regarcded as the lN-methylderivative ¢f SRBQ,

hence 5RB4 and SRB3 were named, schumannifieine and

Ne=methyl schumanniificine respectively. SR33 was assigned

the following structure 147.

Detailed study\.cf the mass spectrum (FIG. 34)

of N=methiylschumannificine actually showed that the
fragmentation.pPattern was similar to that of SRB4, thus
confirming Aheir close relationship. The proposed
fragmentation pattern is shown in schemes 18a, 18b and 18c.
Frominent among the peaks observed in the mass spectrum

@f SF:B3 weres MY 331 (97), m/e 213 (16), 303 (22), 219,(22),
218 (39), 206 (20), 205 (100 - base peak), 193 (52),

192 (47), 189 (22), 164 (12), 112 (34) and 69 (44). The

Percentage relative abundances are shown in the parentheses,
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147.

The IR spectrum (FIC. 35) sucgested the presence
of hydroxyl group (3360ﬁ3130cm“1), carbonyl absorption,
at 167Ccm-} and aromntic bands at 1575, 865,
A4S and B20em '. The UV spectrun (FIG. 36) of the
cenpound taken in methanol showed absorption meaxima at
kvax 220 (log e = 4.12), 225 (log €= 8. 184253 (log ¢ =

3.89), 250 (log € = 3.90), 277(log ¢ =\3¥89, sh), 290
(log ¢ = 3.90), 310 (log e = 3.95, sh), 220 (log ¢ = 3.96)
and 325nm (log ; = 3,98, sh). _The "above absorption
maxima were found to be vergesinilar to the cliaracteristic
chromnnr absorptions.

The MNMR spectrumd(FIG. 37) taken in deuterochloroform
cave the characteristic chromone three proton singlet
at §2.39, whiéh was the methyl group located nt 2-position
of ypyrond, rihg. The three proton sinclet at 52.95 was
assignéd te a methyl group attached to a nitrogen atom
(>H—CH3) while the six-proton multiplets which showed up
phtveen §3.2 snd 83.6 were assigned to both m=thylune and

Hothine 1nrotons. The proton ot the base of hydroxyl

s

[}
croup aprhieared at £§5.7 as onc proton doublet (J=A11z) .
The ' roten 2t the 3-position of y-pyrone ring and the

arorctie proton slgnals appeared at AG6.06 {4ii, s) and
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§G«30 (1H, s) raespectivelys The woton signalg a?

56480 (11, d) snd §12,40 (2!, s) wers assigned to the
scconcery alcohol and the hydrogen-honded phenolic

hydroxyl group's respectively. The two sicnals disgppeared
with the addition of Dzﬂ. Thus, the RIR spectdum suGggestod
a total of 17 protons.

Acetylation of SRL, in a mirture of Myridine and
acetic anhydride gave crystals of thc Wlsgcetate (147; R1 =
R™ = 2c)y mepe 223-22% (from HuGﬂf@HClBJ, which showed
no hydroxyl abscrption in the {nfy¥tred spectrun. The
IR spectrum (FIG. 38) of the Wlacetste further showed
1

| \ O == -
bands =t g 1750cm+” (~CSQ€H.), 1660cm 1 (C=0), 1620cm

"

(>CaC<) s The MR spegtmum (FIG. 39) of the diacetate of
SRB3 had two acatalle praks at 52,01 (21, s), and §2.40

(34, g). The thidge proton sinclet that occured higher
field was p&d8gfed tu the acctate of the sccondary alcohel,
uiile t1€ pother Peak abt 82.40 was assigned to an «nol
acet N The methyl oroup attuaches *a nitrogen atom

oo ed os a three nroton singlet st §2.95. One
iﬁftresting thing in the MR spectrum of the diacetate

was the shifting of the one protos doublet at $5.70 in the

starting materizl to 86.95 (11, d, J = 4Hz) in the diacetats,
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Diazomethane methylation of SRB, gave a mixture

3
of twc coempounds, one corresponding to the monomethylether
and the other to the starting material. The monomethyl-
ether was never obtalned pure becesuse no good separation
could be effected on a column of silica gel sinc€ the Rf

values of the starting material and the monémethylether
’
were very close. However, this partial wmethylation

product with diazomethane showed in the“MR spectrum the
phenolic hydroxyl group at $§12.40¢to“be hydrogen-bonded
while the secondary alcohol was méthylated. The methoxyl
proton signal appearcd at £3.48 as a three proten singlet,
Treéatment of SRB3 with"a mixture of methyl iodide
and silver oxide in chloroformno gave the monomethylether
in poor ylields. ,~EA an attempt to obtain the dimethylether
of SRB3, the @bove method was modified. Inctead of
stirring the reaction mixture for 40 hours, the reaction

’
mixture Was refluxed for 5 hours. This afforded the

1

dimgthylether of SRB3, (147; R =R2 QCHB} with mep. 169-172°,

The MR spectrum (FIG.40) showed the following proton

sicnalss 52.35 (3H, s, -CH_ at 2-position of y-pyrone),

3

$§2.93 (3H, s, assigned to >N-CH3), 53.48 (3H, s, non-arcmatic

...ocn,s), 820 - 53.8 (611, M., CH, and CH), 85.74 (1H, d,

2

J = 4Hz, proton =zt the base of -OCH3), 86.05 (1H, s, proton



150.

4

at S-position of y~pyrone) and 86.40 (1H, s, arocmatic
proten). The NMR spectrum therefore suggested a total
of 21 protens, whicravﬁm in agreement with the expected
molecul ar formula of the dimethyieth&r of SRBB, that is,

c NO .

i
19121 6

As already mentioned under the discuésion on SRB4,
the alkaline hydrolysis of SR33 gave as one of the products,
a compound which was identical with 5,7-dihydroxy-2-
methylchromone. The nitrogen-céntaining portion could

not be isolated. The reason $ory this had earlier been
given under the discussigh)eh schumannificine (GRB4).

It is worthwihile/at this stage to compare both the
phycicsl constants \and the spectral data of the +wo
alkaloids, schumahnificine (SR34) and N-methylschumanni-
ficine (SR333 with those of tﬁe two similar alkaloids,

46 and 4% dsolated from Schunanniophvton }:-roblematic:um6

which were called piperidine-2-one alkaloids (no specific

nameshwere given to them).

o H N-R

o
1"
= o

H3C” ™0 OH

S 15
Py
"
O
o=
w
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TABLL 3
SCI-{UI-::}:.'IIIFICIY‘TE; COMPOUTD Hel LT YL SCHUL AN T COMPOUND
(srB ) 46 FICINx (SRB.) * 47
1 s 11 o
of o o P o
Mepte 2347 (MeCH) 300-3"(EtOH) 208-209" (MeCH) 309-313" (Etol/
(Recryst Benzene
* from)
folecul ar m* 317; m* 289; m* 331; m* 303;
‘10“/“91.
C,_H__NO CLH NO NO
Jormula 16 15" Vg 15'115M0 €1717"% €16"17"%
UV(MeOH) Anm loge Anm loge A nm loge xnm loge
' 220 4.13 205 4.35 220 4,12 205 4435
225 4,13 225 4.12
¥ 253 3.8¢& 225 4.18 253 .89 225 1.16
| 260 3.88 ' 260 2,90
280 3.68 251 4,05 277 3.89 251 4422
290 3.85 257 4.27 290 3.90 257 4,23
310 3495 310 3.95
320 3.96 295 3.78 320 3.96 295 3:77
333 3.97 318 3.68 335 3.98 318 3.66
. -1 . " —__
Rlem ~) - (g Jel ) Vnase (KBr) W o (Mujol) Viax (KBr)
3150 (-w3) 3370 (-nm) 3360.2180 C-0H), 3400,2490 (-0H),
| 1710\(WY,1650,] 2300,_2400(-~0H) 1670, 1630 >C=C<) 1670, 1620 >C=Cx)
\ .
* 1620 [ >C=C<) 1670,1625>C=C<| 1575, 365 1600 (sC=C<)
1165,1090(~0-)} 1600 (sC=Cx) (aromatics)
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Table 3 contde Y
SCHUNANNIFICINE COMFOUND Neel LETHYL SCHULAINNI— COMPCUIND
(SRB4) 46 FICINE (SRSB) 47
§ Y
24 O Y =Dyridine -DI130 Cc -DMSO
R( 8ppm) d -pyridinc dg DIs cn 13 dg DMS

Spectra

620 (vinyl H)

6.62(24, s,
aromatic and a
rroton at the
basc of ~OH
which was

8§57 in CDClq)

/e 317 (M),

2.38(allyl
cu3)
6+16(vinyl H
6+30(arom.H)
7.53 (=NH)
10.88( 7-CH)
12.9 (5-OH)

m/e 289 (n*)
242, 245,244
231,229,219,
218,217,216
205(base
peak’,

193,192,189,

2.39 (allyl ciJ

2.95 {.‘.-'-CH33

3.2-3,6 (6H)

5.7(Hl at the base
of “OH)

£.06(vinyl H)

6 30( arome H)

6.80 (=OH)

12,40 (-CH)

n/e 331 (117)
313,303,245,
219,218,208

205 (base peak)
193,192,189,
164,112,69.

2.36 [allleHB)
2.84 (>N-CH33
6+14 (vinyl H)
6.26 (arome H)
10.89 (7-0H)

n/e 303 (7)),
272,245,244
231,218,217
216,205 (base
peak), 193,
192.
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Coméarison of the physical and spectral data
represented in Table 2 for the reported piperidine-2-
one alkaloids, 46 and 47 and the new alkaloids schumanni-
ficine (SRB4) and N-methylschunannificine (5R33) confirmed
that the two sets of alkaloids were not identital,.
‘fowev -ry the similarities observed in their fragmentation
patterns is a pointer to the relationship between them.
The chromone portion of the two sets of alkaloids is
clearly established in the NMR spectra of the alkaloids

by the absorptions at §2.38 (3H, s, CH, at 2-position of

3
y-pyrone), 86.16 (1H, s, proton at 3-position of y=pyrone)
and §6.30 (1H, s, aromatic proton) for 46 and at §2.30,
56.20 and §6.62 (shifted downfield by deuteropyridine) for
schumannificine (SRB ); at §2.36, 56.14 and 86.26 for 47
and at 52.39, §6.06 and §6.30 respectively for N-methylschu-
mannificine (SRBB). Also, in the mass spectra, apart from
schumannificine, others, 46, 47 and N-methylschumannificine
have m/e 205 as the base peak while the following fragment
ions are common to the four compounds, m/e 245, 218, 193

and 192. The fragmentation patterns of the compound are

similar in some respects as shown by the fragment ions

quoted above.
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e rn@aining Lhree alkaloids, SRB2, SRBa' and
SHB3“ had a few things in common. They had the same
molecular formula, which was obtained from the microanalysis
to %e C16“9N05' This was confirmed to be consistent with
the molecular ion, Mt ibs, given by the mass spectrum.
It was quite clear from the comparison of their mass spectra
that the fragmentation patterns were very similar. The
major difference was found in the percentage relative
abundancé.
. However, it was abundantly clear from their m.p., IR,
and UV spectra that these alkaloids were different,
althwugh they might be' related. The MR spectra of the

three alkaloids could not be obtained because of solubility

problcme

IIT. UBMYDBRUSCHUMNAIINIFICINHE (SRBz).

5kb2 had a mepe. 290-292°. It was recovered from the
brng tment of a mixture of SRBZ and SRBBH with aqueous
wmucnia ond was shown to contain nitrogen (microanalysis).
It cave positive alkaloid test with Dragendorff's reagent
ond positive phenol test wifh ferric chloride solution.

‘Th¢ mess spectrum (FIG.41) indicated a parent peak at
i"" 295 (100 - base peak), which was in accordance with the

mo! .culsr formul re The followilyg prowinent peaks vere ShaEved
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witih the: percentage relativé abundances put in the parenthesiss:
268 (18), 255 (19) 240(5) 238(5), 277(7), 199(5), 171(6),
127(5), 115(4), 85(5), 69(3), 44(13) and 43(5).

The infrared spectrum (FIG.42) of SRB. proved to be

2
identical with that of the dehydrogenation product 142
of schumannificine. The IR spectrum showed the carbonyl

1, 1660cm™? and 1620cm™ . The uv

absorptions at 1740cm
spectrum (FIG.43) had absorption maxima at Amax 257 (log ¢ =
4.33), 263 (log ¢ = 4.44), 268 (log ¢ = 4.44), 321 (log ¢ =
4405) and 330nm (log ¢ = 4,05).

The acetate of SRB2 which was obtained by heating
snué in a mixture of pyridine and acetic anhydride for
six hours at 100°C(hall a mep. 282-284°. The infrared
spectrum (FIG.44) was identical with the infrared spectrum
“. fhe acetate of the dehydrogenation product, showing bands
zt 17SUcm-1, 16600m“1 for the carbonyl absorptions. The
MePeS fér the dehydrogenation product 142 and its acetate
vera\respectively, 294-296° and 285-287°C,

From the above spectral and physical data and
Conperison with the dehydrogenation product and its acetute,
5&@2 was concluded to be identical with the product of

dchydrogenation 142 and was therefore named dehydroschumanni=-

ficine.
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IV SRD3'

] s o
5393' C16H9”05 (Ms, micr%?nulysis}, m.p. 280-282°C,

did not give any positive test with Gradendoff's
rcagente It gave a positive ferric chloride
teste.

From the mass spectrum (FIG.45), the molecular ion,
M+, was obtained to be 295 (100% base peak) which agreed
with the molecular formula, Apart from the parent ion,
other prominent peaks are shown below with the percentage
relative abundances shown in the parentheses. 294(12.4),
267(18), 240(10), 239(17), 212(12), 171(8), 143(8), 127(8),
115(10), 100(5), 67(5) and 43(13). In the IR spectrum
(FIG. 46), the hydroxyl absorption appeared at 3445cm~1,
whilc tHe carbonyl absorptions occured at 1'3’tfl.5c:rn_.1 and
1b20cm“1.

The UV spectrum (FIGe. 47) showed absorption maxims at
}max 223 (log ¢ = 4.19), 227 (log ¢ = 4.19), 244 (log ¢ =
2.99), 249 (log € = 3.98), 287 (log ¢ = 3.90), 294 (log ¢ =

In actual fact no derivative of SRBB‘ was prepared
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'and no degradative work was carried out because SRBB'
occured in trace amount.

The fragmentatio% pattern of SRBB' was similar to
that of dehydroschumannificine 142 but there was a slight

difference in their IR spectra. SRB, showed carbonyl

2
absorptions at 1740cm"1, ‘J.GSOc:m_‘l and 1620cm-1 while
SRB_,' showed its carbonyl absorptions at 1745cm—1 and

3
1620cm_1. It could be suggested then that the y~pyrone
carbonyl absorption was reduced to 1620 due to hydrogen-
bonding. On the basis of the similarity in the fragmen-
tation patterns of SR32 and SRB3' and the low carbonyl
absorption of the s ~pyrone carbonyl absorption, structure

148 was proposed for SRB_.'.

3
HO 0 [\
0 =N
~ 0
CH3
148

l
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Ve &RBB"

SRB," which hid 3 mep. 248-251°, was assigned
ClG”qNOS’ as its molecular formula. It was shown to
contain nitrogen (microanalysis) and gave a positive
“lkaloid test with Dragendorff's reagent., / It, also gave
nositive test with feiric chloride solution.

From the mass spectrum (FIG.48), the molecular ion,
H+, was 295 (100%-base peak), which was in accordance
with the molecular formula. ‘It showed in addition to the
paront ion, the following pewuks, 267(69), 266(11), 260(31),
240(11), 239(11.5), 238 (876), 227 (11.8), 199(5), 171(8),
743(7), 115(6), and 39(8). The percentages of the relative
sbundance are enclosed in brackets.

In the IR spectrum (FIG.49), the hydroxyl group
arpearad mat 3200cm~1 while the carbonyl absorptions showed
ap at 1680cm‘1, 1660cm~2 « In the UV spectrum
(PIC.50), the absorption maxima, A\ ax “PPeared at
225(sh, log g =3.96), 232 (log ¢ = 4.14), 240 (log ¢ = 4.16),

cu (log € = 4.03), 315 (log ¢ = 4.03) and32am(sh, log ¢ =
2.%0)s %The values were similar to those obtained for
54 7-dihydroxy-2-methyl chromone, schumannificine (SRB4) and

Li=methyl schumannificine (SRBa).
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The fragmentation pattern of‘SRBa" was similar to
those of SRB2 and SRB3' but there was a marked difference

in thelr IR spectra. SRB, showed its carbonyl absorptions

2
at 1740cm"1, 1660cm-1, the carbonyl absorptions
for SRBS' appeared at ‘1'?:15(;:;1_'1 and 1640cmq1 but those of
5RBB" appeared at 1680cm“1, and 1660cn-1. In

SRB.", the characteristic chromone carbonyl absorptions were

shown at 1660cm-1 sy but 1680cm_1 which

was low compared with 1740cm_1 for SRB2 could Have been
as a result of hydrogen-bonding effect on the carbonyl in
the y~position to the nitrogen atom, hence structure 149

vas pronosed for SRB3"3

H3C O OH

0

-
Y
149

The synthesis of dehydroschumannificine 142, and
further chemical investigations -are expected to continue
on 5Hﬁ3' and ShBB" to allow the assignments of their correct
structures, if at all they differ from the pProposed

structures.
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CONCLUSION

Chromones and the related alkaloids.

Chromones rarely occur in Rubiaceous plants. The
most outstanding of the chromones which has been reported
to occur in Rubiceae is 5,7-dihydroxy=2-methylchromone 97.

6
In Schumanniophyton problematicum and S. magnificum

5, 7=dihydroxy-2-methylchromone occured with other related
alkaloids. The co—existence of these compounds is of
biogenetic significance. The biosynthesis of 5, 7-dihydroxy-
2-methylchromone and other chromones has been well documen=-

ed54—56

t « Although,; no nicotinic acid derivatives had been

reported isolated from S. problematicum and s. magnificum,

it could be speculated that dehydroschumannificine 142,

SRB3L and SRBa" were formed in the plants by acylation of

5y 7=dihydroxy=2-methylchromone 97 with nicotinic acid

derivatives. Subsequent reduction and hydroxylation of the

pyridine ring of 142 would give schumannificine (146; R1-R2-

3
R™ =H) and N-methylation of schumannificine would afford

N-methylschumannificine (147; Rj-Rz-H).

floesch Synthesis.

“hiis is an established method of synthesizing

. 9
‘y4, ~trihydroxyacetophenone 6. However, the method has been
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very uscful in introducing the keto group into the
phloreglucinel rosidue via the nitrile. Various nitriles
have been employed in this type.of synthesis, ranging from
aliphatic to aromatic ones, but there was no report of the
use of nicotinonitrile. When the reaction bétween phloro-
clucinel and nicetinonitrile was carried out in ether,
there was no reaction. This might be due to solubllity
problem, but 1,2-dimethoxyethane served as a better
solvent under tnis conditiond
When 2,4,6~trihydroxyacetophenone and 2,4,6-trihydro-

xynicotinophenone were treated with nicotinonitrile and
ac-tonitrile respegtively, the expected product could not
be obtoined. This could be due to two factors. The first
hedlng the deactivating effect of the keto group on the
bi nzene pring. The sccond facler is attributed to the
ross i ily of attack on the carbonyl carbon in such an
cidie wmedium. The process of such an attack 4is shown

LN achicnne 21,
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D 2
OH HO @‘3/
Nz C-R2 N
C-R’ | C<R!
|
HO o HO  Ho
N He
: - e i ¥
Rl = RZ =CHg or Gl “H
2
HO R
Y
HO On R
Scheme 21

If the process in scheme 21 was predominating over
the attack of RCY = NH on benzene ring, then the expected

product could not be obtained.
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EXPERIMENT AL

Ultraviolet and Infrared Spectra: The ultraviolet (UV)
absorption spectra were measured, unless otherwise stated in
methanol with Perkin-Elmer model 137 instrument. The
‘infrared (ir) spectra unless otherwise stated were
measured in Nujol mull with a Perkin-Elmer Double
beam photometer model 137 iéstrument.

Nuclear Magnetic Resonance: The nmr spectra were
taken on a VARIAN T-60 NMR Spectrometer in deuterochloro=
form, unless otherwise stated with tetramethylsilane (TMS)
as internal reference. Chemical shift values are in Se

Mass Spectra: Most of the mass spectra were
obtained with a Perkin-Elmer Hitachi R.M.U. GE
instrument and atl the Institute of Organic Chemistry, at
the Technical University, Darmstadt, W. Germany. Micro-
analyses wexé carried out by Mr. P.I. Mowete at the
Chemistry Deépartment, University of Ibadan and at the
Institute of Organic Chemistry, Technical University,
Darmstadt, W. Germany. All melting points (meps.) were
taken on a Reichert Akt Microscrope Hot plate model and

were uncorrected,
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Thin plate Chru.utogrens for preparative thin layer
chirometography (T.).2.) were made by mixing 80gm of HMHerck
Kliesclgel ECEF 2544366 with 1800m3 of distilled water
aticl spruaaiau Lhe aqucous slurry on a 20 x100cm plate
widch was dried at 120°C for 2 hours. Analytical thim layer
chromgtography wes performed on a slurry of kieselgur
Ge Merck silica gel (70-230 mesh) and the silica gel
used for column chicmatography refers to merck 0.05mm-
Oodian meshe Solvents were purified using standard
srocedures and petrol eum eather, unless otherwise stated,
rofers to petroleum sPpdbdt (60-80°C). Dragendorff's
veagent refers to_aGcluticon of Eismuth sub-nitrate (1.7g)
in a 1Dﬂcm3 ct(H_0=0Ac (431) and potassium iodide (40qg)

2
in 100cm offN\wabter.

Sxtracton =2f the reob-burks

The roct~bazk cbtained from the tap-root of

sehumaaniophyton magnificun (Harms) were ground or

pulverised. The ground material (4kg) was then successfully

cxtracted in a Soxhlet extractor with hexane (24hrs) and

methanol (24hrs).
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PTreatment of the methanol extracte

The mnetlhianol c}it;'_nct which was concentrated at
reduced pressure was left at room temperature. after two
daysS, o Precipitate settiecd with an oily upper layer.

The oily layer (500cm3) was decanted and transferred
te a separating funnel. This was extracted with hexane,
ether and chloroform in that order.

Further extractions were limited to the use of hexane
and chloroform since all the cCompounds in ether extract
were found in chloroform extract, except one, which
{ormed the major componént’/ of hexane extract T eColda
The hexane extracts were concentrated and preserved. The
oily layecr was extracted several times with chloroform
aiid the various extracts evaporeted on a water-bath,.

These verious’ extracts yielded brown crude sclids, which
were left for some days tc allow complete removal of the
"oolwent . About 20.8g of the crude solid was recovered
from 4kg of material which included the crude solid
tvcovered from the nrocipitate when extracted several

ol

ws with chloroform. The water scluble oil (80g) 1loft

4

ety «xtractiug the olly layer with chloroform was preserveda
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Alltaluicd testa

Filot thin layer chromatography plate of the chleroform
eniroct was developed in a mixture of CHClB/EtOAc (3:31). The
diicd [lale was sprayed with Dragendorff's reagent. The test

proved rositive for four compounds, SRB SRBB, SRB_", SRB_"

28 3 3

anc JRB4. The positive colour was rede. SRB3' which did not
Give the positive colour on spraying with Dragendorff's reagent

“roved to be a nitrogen-containing compound (from microanalysis)e

ailvbticoel Thin layer Chromatographys

The analytical thin layer chromatography plates uscd in
2iloling the reactions were prepared by spreading a slurry of
siidcea el (70-"20mesh) as evenly as possible onto the microplates
(slides). The'slurry wis prepared by mixing silics gel with
aber (ratio 1:2). | TheSe were dried or cultivated in the oven
sot ot 110%,

S cts of the solntion of the required sample were made
Gt Ui Led 4@e pletes by means of micro capillary tube (spotting
tul ske \The plotes were developed in a mixture of solvents

Su b1 L roform ahd ethyl acetate (3:1).

1=

cvoelopment, leates vere removed from the solvent
L net Lottt te ury. These nlates were finally transferred
ialo & lceaker containing iodine crystals for visualization of

conscundse.
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Trcutinnt of couds solid with dilute HCle

3
“bLade solid (50Ung) was dissolved in chloroform (200Ccm”).
Dilwiic lwatvochloric scid (H}OgmB) was added and well
shakene The chloroform layer (from t.l.c.) contained

all the compounds almost in the same proportions.

The acid layer was basified with dilute ammonia solution.
There wos o immediate precipitate. It was shaken and kept in
Lhe culda  The compounds in the basic solution were extracted
iate cnloroforme All the compounds were represented in the
chlarolcrm extract. The solid 'recovered on evaporation of the

<t lovked exactly 1ike, the crude solid but much More puUrer.

Culuiny Chron. tography of the crude solid.

- ; 3
Crude solid (16g) was dissclved in chloroform (100cm>). To
tiils solution ofthe“crude solid in chloroform was added silica cel
eo diade Inte” i Blurry. It was then introduced into a column of

-

AW with Ether/Hexane (131) afforded SRB1 (the chromone)

rystals (1.5¢) m.p. 274-276°. [?ound:C:62.78;H: de5d,
Loiuires for Cj 62.50; H: 4.20). Molecular ion, M' at m/e
vd b viher prominent peasks at 164, 163, 152, 136, 124, 96 «nc G9,

L} 3420-2620ci” ! (=0l groups), 1660, (~C=0), 1560, 1500,

By LA el B20em T (substituted aromstic rings). 1165cm - (otiar
Lz, ‘. ."n_X(NeGH), 217nm (log ¢ = 4.21), 227 (log ¢ = 4.18),
2ET I

(10 e = 4.21), 257 (log ¢ = 4.22), 295 (log ¢ = 3.83) ana
):’_.5 (-I l'i'_| e = 3.68).
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fopm (4 -DMSO), 2.27 (3u,'s,—cu3), 6.08 (1H, s, proton

at 3-position of y~pyrone), 6.18 (1H, d, J = 2H. aromatic),
6.28 (1H, d; J = 2Hz aromatic), 12.7 (1H, s, disappeared
with D,0).

Further elution with cuc13/mther (1:1) . gave a mixture

of 5:B, and SRB3‘ (800mg), which on fractional crystalliza-

tion from methanol afforded SRB, (500mg), m.p. 208-209°.

fFound, Cs 59.39; H: 6.02; N: 4.45. C17H17N06.Me0H

required C: 59.49; H: 5.83; N:.3.86}.

nt 331 (9m™), m/e 313, 303,219, 218, 208, 205, 193, 192
129, 164, 112 and 69. |

-1

7360n3180cm-1 («Cid group), 1670, 1630cm -C=0),

1575, 8€5,(845 and 820cm L (aromatic rings)e.

L (1'+0H) /220 (log ¢ = 4.12), 225 (log ¢ = 4.12),
253 {Toy € = 3.79), 260 (log ¢ = 3.90),
777 (log ¢ = 3.89, sh), 290 (log g=3.90);
210 (loy € = 3.95, sh), 320 (log ¢ = 3.96) and
338my (lou ¢ = 3.98, sh).

sppm {€DC1 ) 2.22 (23H, s, *CH3), 2.95 (3H, s, =N-CH.),

3
3,2 - 3.6 (G6H, m, CHp and CH), 5.7 (1H, 4,

J = 4Hz, proton st the base of hydroxyl group),
.06 (1H, s, proton at 3-position of y-pyrone),
6.30 (1H, s, aromatic), 6.8 (1H, d, dissappeared

with D,0) and 12.4 (1H, s disappeared with Dzo).
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Elution with chloruform/Ether (431), gave a little

ameunt of pure SRB, (50mg) while continucus elution

2
vith the same solvent mixture, chloroform/Ether (931) and
puse c¢chloroform gave in both cases, a mixture of
SRB, and SRBq" (1.8g). Further elution with methanol/
chloroform (131) gave pure SRB4 (300mg), mep. 234°.
1. : - - - - N

{Found C: 60.84, H: 4.86, N: 4.47 c16H15 O6 required
2160.56, H: 4.77, N: 4.41}eM* 317 (12.1%), m/e 299,

245, 2'1, 218, 217, 205, 192(100 - base peak), 189

164' 163’ 149 and 124.

- _..1 B

o (fhijol) 3150cm < A=N-H), 1710 (W), 1650,

(-C=0), 1165, 10%0cm * (ether linkage),

1580, 845 and 72Grm“1 (substituted aromatic rinus).

Ny (HECH)7220 (log € = 3.86), 260 (log ¢ = 2.88),
280ATcg e = .83, sh), 290 (log ¢ = 3.85),
10 (loy e = 2.95, sh), 320 (log ¢ = 3.96) and
323 nit (log ¢ = 3497, sh)e

dbpm (d.-C_H

5 5
at 3=position of y-pyrone), 6.62 (2H, s, aromatic

N), 2.30 (3H, sj ~CH3), 6.20 (1H, s, proton

¢roton and a proton at the base of hydroxyl group).,
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5333‘ wus obtalned as pure neecdle~like crystals by
recrystal¥lizing from chloroform, the residue compound

left after fractional crystallization of SRB3 from a mixture

of SRBB andl SRB3" Pure SRBB. (30ng) had a m.pe 2BUG—282i.

fi‘fcund C: 65.25, Hs 3.24; N: 4.46. H_NO_ required

Ci678 L5

C: 65.09, Hs 3.07, N: 4.74].
M* 295 (100-base peak), m/e 294, 267, 240, 239, 212, 171,
143, 127, 115, 100, 69, 43,

Vo si50 (Nujcl) 3445cm * (-OH group), 1745, 1640cm ™ ! (c=0),
1600em (-C=C-, aromatic), 1160, 1080cmh1 (ether
linkages), 915, 850 and BBUcmﬂi (substituted aromatic

§ rincs).

% ;hx(HCOH) 2231 (log ¢ = 4.19), 227 (log e = 4.19),

244 (log. g = 3.99), 249 (log ¢ = 3.98), 287 (log ¢ =
3.90),.294 (log ¢ = 3.90), 332 (log e = 3.82) and

TuOa(log € = 3.77) .

Treotment of a mixture of SRB? and SRBq" with
aqueous ammoniae.

3
Aqueous ammonlia (10cm™) was added to a mixture
of SRB, and SRB," (200mg). The mixture was allowed to
&
stand at room temperature for 24 hours. The undissolved

'id was recovered by filtraticn. It was properly dried.
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The filtrate was acidified with dilute hydrochloric

acid after it has bgen transferred into a separating
funnel. The compound was extracted into dichloromethane
and the solid was recovered after solvent evaporation

on the water-bath. The two compounds werec separated
CEolaCe)e The undissolved solid wag SRB3" while the

compound that went into agquecus ammonla was SRBz.

SRB, (40mg) had a m.p. 290-292%¢%

{Found C: 64.85, H33.43; N: 4.64% C16H9N05 required

C:65.09, Hs 3,07, N: 4.74}.
m* 295 (100~ base peak), m/e 268, 255, 240, 238,
227, 199, 171, 127y 115, 85, 69, 44, 43.

(Nujol) 1745¢m (-C=0), 1660, 1620 (-C=0),
1

max
1590cm ~ (~C=C-, aromatic), 1260, 1165, 1120,
1060cm™L Gether linkages), 870, 845 and 780cm
(substituted aromatic rings)e.

Aoy CHEL ), 257(log ¢ = 4.38), 263(log ¢ = 4.44)
321 (log ¢ = 4.05) and 330mm (log ¢ = 4.05).
SRB," (85mg) had a mep. 248-251°,

{Found C:64.90, H: 3.29, N: 4.74. C, gHoN0g required C:

65.09, Hi 3.07; Ni 4.74}.
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M* 285 (100 - base peak); m/e 267, 266, 260, 240, 239, 238

Vo (MaT01) 3200ecm™ * (-OH group), 1680, 1660, 1620cm

1 N

(-Cc=0), 1590cm = (-C=C-, aromatics), 1210, 1160,
1100 and“3'L02(}t'_'r:1m1 (ether linkages), 970 and 840cm*
(substituted aromatic rings)e.

xmax(HeOH 225 (log ¢ = 3.96, sh), 232 (log «g=/4.14),

240 (log € = 4.16), 260 (log ¢ = 4.16), 310 (log ¢ =

4.03), 315 (log ¢ = 4.03) and 32%:?109 €= 3.90, sh)e

Acetylation of SRB1 (the chromone)

SRB, (50mg) was dissplved in pyridine (1cc.) and
acct’ - anhydride (1c.c.) Was added. The reaction mixture
was left overnight to stand at room temperature for
24 hours, after which the reaction was complete (t.l.ce.)e
The reaction mixture was poured into water (5cm3) and
shaken preoperly. Saturated sodium bicarbonate sclution
was added to it to remove the acetic acid formed from
acetic.anhydride. It was extracted into chloroform. The
chloroform extract was transferred to a separating funnel
and treated with dilute hydrochloric acid. The chloroform

layer w=s removed and dried with sodium sulphate, filtered
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and evaporated. This gave the diacetate of SRBi'

MePe 137-139°. M* 276, with other prominent peaks at m/e

234, 192, 164, 163, 124, 123, 96 and 69,

2 f

v___ 1760cm » (-OCOCH.), 1670, 1630cm I (=C = 0)
max 3

Sppm (CDC13) 2.30 (3H, s, -OCOCH3); 2.40 (3H, s,
—OCOCH3); 6.08 (1H, s, on y—pyfgge), 6.80 (1H, d,;

J = 2Hz, aromatic); 7.16 (1H, d, J = 2Hz, aromatic).

Dizzomethane methylation of SRBi.

p=Tolysul phonylmethylnitrosamide (2.15g; 0.01m) was
dissclved in ether (40c.c.) £00led in ice and a solution
of potassium hydroxide (0.42g; O;OOTSm)_in methylated
spirit <10cm3) was added. After about 5 minse, the
ethereal diazomethane soluticon was distilled directly into
the solution of SRB, (53mg; 0.28mM) in methanol.

After the evolution of the gas has ceased, the
reaction ‘mixture was left overnight. The reaction was
clean and complete (t.le.c. plate). Evaporation of the
methanol and rurification on a column of silica gel gave
the pure monomethylether (30ng) of SRB,, m.p. 116-117°,

+

M" 206; prominent peaks at m/e 177, 176, 164, 149,

122, 95 and 69.
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1 =7, ( 1

Ve 1660cm 7, 1620cm -~ (-C=0), 1580, 860, 840cm
(aromatic rings), and ‘1‘16‘5(:::1-1 (ether linkage).
Apax 210nm (log ¢ = 4.43), 230 (log € = 4.34) 250 (log ¢ =
4.29), 275 (log ¢ = 4.28) and 295 (log e = 3.7).
Sppm (CDCIS) 2.30 (3H, s, —CH3], 3.80 (3H, s, —OCHBJ,
6.08 (1H, s, proton at 3-position of y-pyrone),
6.63 (2H, s, aromatic) and 12.7 (1H, s, disappeared

1€ER ‘D._0)y
with 5

Methylation of SRBi with dimethylsulphate in acetone.

SR81 (100mg; 0.52mM), dimethyl sulphate (1cm3; 0.01M)
anhydrous potassium carbonate (50Cmg) and dry acetone
(40cm3) were heated under reflux for 12 hours. Removal
of the solids and evaporation of the filtrate yielded a
dark purple product. The product, on treatment with a
solution of ammonia followed by water, gave no precipitate.
It was then extracted with chloroform. Evaporation of the
chloroform gave an oil which contained two compounds (t.l.c.),
one faster than the starting material and the other slower.
These were separated on a column of silica gel. The

fast-moving compound corresponded to the monomethylether

(30mg), m.ps 116-117°, while the slow-moving component
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was the dimethylether (20mg), meDe 122-123°, The spectral
properties of the nonomethyletheg remained the same.
The spectral properties of the dimethylether are
shown belowe.
sppm (CDC13) 2430 (34, B8, -CH3), 3.88 (3Hy s, -OCH3),
3,93 (3H, s, OCH3), 6.08 (1H, s, proton at
3-position of -pyrone), 6.30.(1H; 4, J = 2Hz,

aromatic), 6.44 (14, 4, J = 2Hz, aromatic).

Acetylotion of the monomethylether) of SRBi'

The monomethylether of /'SRB, (40mg) was dissolved

1
in pyridine (l.c.c.) and acetic anhydride (1c.c.) was
added. The reaction mixture was allowed to stand at room
temperature for 24 hours. The reaction mixture was poured
into water (5c.@s) and saturated sodium bicarbonate solution
was added  and shaken properly. It was extracted with
chloroformy The chlorcform extract was treated with
dilutcbhydrochloric acid to remove pyridine. The
chlorcform was evaporated after drying with anhydrous
sodium sulphate.

Even though, from the t.l.c. plate, the product of

acetylation has the same R_ value with the starting material,

£
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the spectral prepertiecs confirmed the acetylation. After
iscolation and purification on a column of silica gel, the
acetylated monomethylether of SH?i had a m.pPe 150—1510.
sppm 2.30 (3H, s, --CH3); 2.40 (3H, s, -OCOCH3)
3.87 (3H, s, uOCH3); 5.93 (1H, s, proten
at 3-position of y~pyrone), 6.51(1H; d,
J = 2Hz, aromatic), 6.68 (1H, 4, J = 2Hz,

aromatic).

Treatment of SRBi with methyl iodide and silver oxide

in chloroform.

A suspension of SRB1 (100mg; O.Szmﬁ) in chloroform
(20c.c.) was refluxed witg silver oxide (200mg; 0.9mM)
and methyl iodide (3cec., 0.48M) for 10 hours. The mixture
was filtered, Eﬁaporation of the filtrate left an oily
material which indicated two spots on the t.l.c. plate.
These were separated on a cclumn of silica gel. The fast-
moving ‘compound was identified as the C-alkylated monomethyle-
ether“of SRBi, while the slow-moving compound was the
dimethylether of the SRBl. The C-alkylated mono ether (50mg)

had a meps 156 - 157°, with part of it melting at 143-144°,

|

Vinasx 1660, 163Ccm (-c = 0), 1580, 845cm-1 (aromatic rings),

1175, 1160, 1130cm T (ether linkages).
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$prme. 2.08 (3H, s, —-CH3), 2.35 (3H, s, —CHB).
3,73 (3H, s, OCHB}' 6.03 (1H, s, at 3-position of
y-pyrone) 6.35 (1H, s, aromatic) and 12.7 (1H, s,

disappeared with D20).

SYNTHESIS OF 5,7-DIHYDROXY-2~METHYL CHROMONE.

(a) Conversion of 2,4,6-trihydroxyacetophenone to
5, 7=dlacetoxy-3-acetyl-2-methylchromone,

A mixture of dry 2,4,6-trihydroxyacetophenone
(6g; 0.C36MM), redistilled acetic anhydride (25cm3; 0.19M)
and freshly fused sodium acetate (10g; 0.122M) was boiled
under reflux in an oil-bath at 185°C for 8 hours. The
cooled, dark-brown reaction mixture was poured unto excess
ice water and left in a refrigerator for 24 hours. The dry
solids thus obtained were taken up in acetone solution
(100cm3) and -ether was added gradually when a dark-brown,
coloured, résincus solid, separated out which was filtered
off. Petroleum ether (b.p. 40-60°) was added slowly to the
clear.solution. A further small quantity of tarry matter
separated out. The pale yellow solution thus obtained gave
on concentration a product (4.18g) as yellow plates and

Prisms. The product was purified by passing it through a
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column of silica gel. Two products were obtaincd. The

first component (1.6g) was identical with compound 135.

It had a m.pe. 120-122". {Found C: 59.27, H 4.30. LI

ruguired C:58.82, Hs 4.58].

1 1

770cm
anx 1 cHi

sprm (CDCIQ), 2.24 - 2,50 (six —OCOCH3 and two-CH3)

(-0COCH,), 1680; 1640cm = (-C=0)
6.46 (1, d, J = 2Hz, aromatic), 6.62 (1H, 4,
J = 2Hz, aromatic), 6.80 (1H,-d4, J = 2Hz, aromatic),
7.10 (1, d, J = 2Hz, aromatic).
The second cenponent from the column correspondsed to
“y "=diascetoxy-3-acetyl-2-nmethylchromone (3g),

83

mede 129-130°, 1it... ¥ 129-131°.

v 17€0cm - (-0COCH.), 1660, 1630 (~C=0),
1600cm (~C=C~, aromastics), 1175, 1130 and ‘1(’1'7'0::m«1
(ether linkage), BE0 and 825cm™ 1 (substituted aromatic
yYings).

Briie \2o25 (3H, s, _un3}, 2.30 (6H, s, —cceci ,, “cocu3)

2.48 (3H, s, -ocor:n3), 6.76 (1H, d; J = 23&, aromatic),

7.12 (14, 4, J = 2Hz).

(b) Hydrolysis of 5, 7-diacetoxy—-3-acetyl-2-methyl chromones

5y 7-Diacetoxy-3-acetyl-2-methylchromonie (2.5g; 0.C08H)
vas Lolled with dilute hydrochloric acid (40cm3; oir part of

vater to two parts of acid) for thirty minutes. The product
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that separated out was purified by recrystallization
from acetone-pet. ether (b.p. 40-60°) when it gave 3=
acetyl-5, 7-dihydroxy-2-methylchromone (2g) as yellow

4. 250-251°,

Prisms; MaPe 250-2510, 11t.8

Vi oy 1660, 1630cm " (-C=0), 1600cm™ * (~C=C-, arematics),
1160, 1130, and 1070cm © (ether linkage), 940,
845cm™+ (substituted aromatic rings).

(c) Conversion of 3-acetyl-5,7-dihvdroxy=-2-methylchromone
to 5,7-dihydroxy-2-methylchromonee.

The 3-acetyl derivative (1.5g; 0.0064M) was digested
in aquecus sodium carbonate‘solution (20cm3, 10%) by
boiling under reflux for'2 hrs. Acidification of the cooled
reaction mixture gave.5, 7-dihydroxy-2-methylchromone (1g),
which appeared &s colourless plates and needles after
rassing it theouch a column of silica gel; me.pe. 280-2820,

lit. valuea4, 281-282°¢,

MY m/e\192. 1

 ax 1660, 1630cm

(""C‘O) 9’

] -
1600cm + (~C=C-, aromatic), 1070, 1020cm * (ether
linkage), 850 and 820cm_1 (substituted atomatic

ring) .
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Acetylation of SRB4.

SRB4 (60mg; O.2mM) was dissolved in pyridine (1cm3)
and acetic anhydride (1cm3) added. The reaction mixture
was left for 48 hours. The t.l.c. plate indicated three
components, a fast-moving component, a slow-moving component
and the third component has Rf value close to that of
the starting material. Methanol (15cm3) was added to
the reaction mixture to destroy the acetic anhydride.
The methanol was completely removed on the water-bathe
Dilute hydrochloric acid was added to the material_left
behind and extracted into chloroform. The chloroform
extract was dried with-anhydrous magnesium sulphate and
evaporated. The mixture was separated on a column of
silica gel. Because of the close Rf values, separation
was difficults <The fast-moving component (8mg) came

down as @ mixture (that is, with a little of the diacetate).

The diZecetate of SRB, was obtained pure (30mg), me.p. 217-219°C.

4
=N - -1
Ve e 2150cm (—N-H), 1750cm (—OCOCH3),
1660, 1630cm * (-C=0), 1600, 850, and 750cm

(substituted aromatic rings)e.
§ppm. 2.05 (3H, s, ~ococu3); 2.32 (34, s, -CH3); 2.36 (3H,

s, ~OCOCH_); 3 - 3.8 (6H, m, methylene and methine);
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6.02 (1H, s, at 3-position of y~pyrone),
6.60 (1H, s, aromatic), 6.93 (1H, d, J = 4Hz,

at the base of an acetoxyl group).

Amide and monoacetate of SRB4

SRB, (50mg; 0.16mM) was dissolved in acetic acid
{1cm3) followed by the adcition of acetic anhydride (1cm3)
and p-toluenesulphonic acid (1mg) in catalytic amount. The
reaction mixture was left overnight.. The reaction mixture
was later transferred into a separating funnel and
treated with water (distilled). After shaking for sometimes,
it was basified with sodium bicarbonate and extracted
into chloroform. The¢ chloroform layer was dried with
anhydrous Ngso4 and evaporated on a water-bath.

The NMR gonfirmed it to be the amide of the monoacetate
of SRB4. On passing it through a column of silica gel,
the amide was almost half-converted to the monocacetate,
and, whemn . recrystallized, the whole product was
convcrted to the monoacetate (40mg), Le.pe 153-155°C.
M* 359 (15%), m/e 296 (23%); 295 (85%); 294 (1M);

261 (35%), 243 (16%), 242 (44%), 192 (30%), 100 (9%),

69(11%), and 43 (100%).



~ 8ppm 2.02 (6H, s, - OCOCH?;
2.32 (3H, s, -CHB); 2.8 - 3.7 (6, m, methylene
and methine); 6.05 (1H, s, on y-pyrone) 6.24
(13, s, aromatic); 6.84 (1H, d; J = 4Hz, proton
at the base of acetoxyl group) and 12.5 (1H,¢s)

disappeared with DZO);

Methylation of SRB4

A suspension of SRB, (70mg; 0.22mM) in chloroform
(200m3) was refluxed with silver oxide (150mg; 0.65mM)
and methyl iodide (2.5cm3; 0.04M)- for 6 hours. The
mixture was filtered and evaporated. The oily material
1eft behind contained three compounds. The compound recoverad
from the column of silica gel which has almost the same Rf
value with the starting material proved to be the
dimethylether.\ “The dimethylether (20mg) recovered has a
mep. 2254226%.
$ppm . 2. 30 (3H, s, —CH3); 3.3.8 (6H, m; methylene and methine);
3,40 (3H, s, - OCH3);
3.90 (3H, s, -ocaa); 5.68 (1H, 4, J = 4Hz, at the
base of a mcthoxyl group);

6.01 (14, s, on y=pyrone) and 6.35 (1H, s, aromatic)e.
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Dehydrogenation of SRB4

A mixture of SRB4 (105mg; 0.33mM), palladium on carbon
(10mg) and nitrobenzene (Scma) was placed in a 25ml-round-
bottomed flask and heated under reflux for 3 hourss The
hot mixture was filtered by suction, and the /filtrate
was allowed to cool. The solvent (i.e. nitrobenzene)
was removed under reduced pressure. The s0lid recovered
was passed through a column of silica gel. The needle-like
crystals were not soluble in chleroform. The product of
dehydrogenation (20mg), has 4 mepe. 294-296°C,

M* 205 (100%), m/e 267, 255, 238, 192, 172, 134, 105,
100, 92, 83, and 69

- -
v 1740cm ~ (-COJX3-1660cm 3

(-C=0); 1595cm (-C=C-,
aromatic),(1460 and 1165cm © (ether 1linkages)
)., (inam) 0oy e 258 (4.38), 265 (4.41),

269 (4,41), 321 (4.06) and 328 (4.07).

Acetyl tion of the dehydrogenation product.

Dehydrogenation product (8mg; 0.028mM) was dissolved
in pyridine (0.5cm3), fellowed by the addition of acetic
anhydride (O.Scm3) and was heated at 100°C for 6 hours. ©On

cooling the flask for a few hours somec white crystals
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separated out from the reaction mixture. The crystals
were collected by filtration. The product of acetyla=-
tion (4mg) has a mePe 285-287° (suble)e The molecula;
ion zppeared at Mm% 295, This was interpreted to mean
the loss of the acetyl group at such a high temperature.

v 1750cm™* (
max

~OCOCH ), 1660cm + (-C=0),

3
1595cm™ 1 (~C=C-, aromatic), 1260, 1170,
1110 and 1060cm™* (ether 1linkages). and

870, 850 and 35cm ™+ (substituted aromatic rings).

Alkaline hydrolysis of SRB4

SR34 (100mg; 0.32mM) was dissolved in a scolution
of potassium hydroxide\pellets (1igm) in methanol (20cm3).
The mixture was ré€fluxed for € hours. The solvent was
completely removed by evaporation and the residue
acidified with dilute hydrochloric acid. It was then
extracted\with chloroforme The tel.ce. plate showed
one major component and another minor one with a little
of the starting material.

Separation on a column of silica gel afforded a
pure compound (22mg); mepe. 273-274°C, and the other

compo:.ent, apart from being toco small could not be
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isolated. The melor praduct of hydrelycis which was

. . - . % +

identiczl wish noreugenin has the mol:cular ion, M° as 192,
s ~1 s .

) 1660, 1620cm (~C=0), 1165cm = (obher linkage);

\ma‘{ 7 7 ) ’

15?Ocm_1 (-C=C~, aromatic).

Acetylation of SRBgﬂ

SRB3 (50mg; 0.15mM} was dissclved in pyridine (1cm3)
and acetic anhydride (1cm3) was added. The réaction
after 24 hours was no: complete (t.l.coe It was then
allowed to stand for another 24 houns,~after which the
reaction was complete (t.l.c.)«

Methanol (15cm3) was ad@éd) o the reaction mixture
to dostroy the acetic snfydride. The methanol was distilled
off completely on a wavtew~bath. Dilute hydrochloric acid
was added to the aterial left behind and extrected with
chloreform. The chloroform extract was dried with anhydrous

HJSCa. Evapofation of the chloroform left a product, which

H

colidificd on standing for a fow hours. Furification on

a colpmiy of silica gel yielded a diacctate of SRHa,
o L]
meDPW 223 = 225 C.,

1

1?50cm_1 (~=OCOCH_), 1660 and 1620cm = (=C=0)
Vimax 37

ppm 2.01 (31, s, -occcu3), 2+38 (34, s, ~CH3),
2.40 (34, s, =0OCOCH_ ), 2.95 (3H, s, -N—CH3).

3 - 3.8 (6H, m, methylene and methine),
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6406 (14, s, on y-pyrone), 6.53 (1H, s, aromatic),

6.55 (1H, d, J = 4Hz at the base of an acetoxyl group)e.

Methylation of SR33

A solution of SRB, (50mg; 0.15mM) in chloroform (20cm3)
was sheken vigorocusly with silver oxide (100mg;-0443mM)
and methyl lodide (2cm3; 0.032m) for 1 hours  Two further
additions of silver oxide (50mg) and methyl iodide (1cm3)
were made at intervals of one hour and shaking continued
but the reaction was not completed

The reaction mixture was transferred to the water-bath
and refluxed for 5 hours.  Thewmixture was filtered and
evarorated. An oily material was recovered which was
passed through a column of silica gel for purification.

The oily diether £27mg) of SRB_., which later crystallized

3
o
had a me.pe 169=172",
sppm 2.35 (3d,/s, -CH3}; 2493 (3H, s, -N—CH3);
3.48°(3H, s, -OCH,); 3.93 (3H, s, - ocn3J;

3%~ 3.8 (6H, m, methylene and methine);

=1

5.74 (11, d; = 4Hz, at the base of a methoxyl group);

6.05 (1H, =, on y~pyrone) 6.40 (1H, s, aromatic).
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ik =1"ne hydrolysis of SRB3

SRB (60mg; 0.18mM) was dissolved in a solution of
potassium hydroxide pellets (0.5g) in methanol (10cm3).
The mixture was refluxed for 8 hours.

The solvent was completely remcved by evaporation
and the residue acidified with dilute hydrochloric acid.
It was then extracted with chlorofcrm. The t.l.c. plate
showed that the reaction was complete«but the other fragment
containing nitregen remained in the agueous acidic layer.
Purification of the recovered mateérial gave a compound
(10mg) which was identical with/noreugenin, with m.pe.
265-267°C (decomp.) (recryst. from MeOH/CHC1 ) «

Vi ay 1660 and 1620cm L (~c=0), 1560, 1500cm -
(substituted benzene ring), 1165cm™* (ether

linkage).

%ﬂax(nm), 214’ 228’ 251’ 257, 295 and 325.

Spime 202% (3H, s, *CH3), 6.08 (1H, s, on y~pyrone)
6.18 (1H, d, J = 2Hz, aromatic);
6.28 (1H, d, J = 2Hz, aromatic) and

12.7 (41H, s, disappeared with DZOJ.
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Lehydration of SRBB.

SRB, (30mg; 0.09mM) was dissolved in dry benzene
(15cm3). p-Toluenesulphonic acid (8mg; 0.042mM) was
added and the mixture refluxed for 10 hours’ (followed
up with t.l.c. plate). The reaction was not conplete
after 10 hours. The reaction mixture was allowed to
cool, when further attempt to improve it failed., It
w2s washed with saturated sodium bicarbonate solution,
water, and dried with anhydfous magnesium sulphate,
Evaporation of benzene under reduced Pressure gave an
inpure product (10mg). " Since separation could not be

«Lffucted no geood svectra Could be obtained.

ATTEMPTED SYNTHESIS OF THE DEHYDROGENATION PRODUCT

(&) Acylation of 53 7=dihydroxy-2-methylchromone
vith nicctinyl chloride.

In a ']{)Ocm'1 two-necked flask fitted with a
megchanlcal stirrer and a dropping funnel was pluced
Aizotinic acid (2.50; 0.02M). The stirrer was starteq
and redistilled thionyl chloride (10.Scm3, or 16.6g;
0.14M) was added i:n a slow stream over a period of
15min. After the addition was complete, the dropping

suwiancl was replaced vith a reflux condenser protected
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with a calcium chloride tube and the mixture was hu”teq
on e stean~bath with continucus stirring for 1 hour.
Thun thie reflux condenscr was replaced by one sct for
downward distillation and the excess thionyl chloride
was removed by distillution at reduced Pressure as
healing on the steam-bath was continued. - After most
of the thionyl chloride has been distillecd, 5, 7-dihydroxy-
Z=methylchromone (2g; 0.01M) was introduced. The flask
Was fitted with a reflux condenser and placed in an ice-
salt bath. The stirrer was started and anhydrous
elurinium chloride (6.6€34 0.05mole) was added in portions
€vor o period of 30.mins. The ice-bath was removed
dd the flask was allowed  to warm to room—temperature
id wis finally heated under roflus: for 6 liours.
The dark-brown reaction miyture was cautiqﬁsly

“d/into a mixture of icc fcuc. HCl (40cm3). The
OL s I\ layar wes separated and discarded. The ucid
SQrecion was extracted with “ther which wasg discarced,
then it was treated with aqueous ammonia until strongly
»1ralines The organic material was extracted intc

chloroform. Thee chloroform extract was washed with w:tor
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and dried with anhydrous MgSsO The chloroform was.

4.
remoeved by distillation on a water-bathe The product
proved to be the starting material in all respects

(telec., me.pt. and infrared spectra)e.

(b) Preparation of oxalyl chloride

Powdered anhydrous oxalic acid (4.5g; .0.05M) and
phosphorus pentachloride (20.8g; 0.1M) were mixed together
properly while cooling in an ice-bath centinued. Then
the ice-bath was removed and allowed to warm up at room
temperature. It was left for 24 hours at room temperature.
At tiis time the reaction mixfure has turned to a liquid.

It was then fractionglly distilled and the fraction
that came out between 60 and 100°C was collected. The

fraction collected was fractional distilled again and the
89

’

fraction that beflled between 63 - 65°C, lit. = 63.5 - 64°C,
was collecteds The yield of the oxalyl chloride was 3ge
(i.c. 2cm3).

Preparation of nicotinic anhydride by the reaction
of ‘exalyvl chloride with potassium nicotinate.

Tc a suspension of potassium nicotinate (1,29g; 0.008M)
which had been ground inteo fine particles and dried at 1350,

3
in anhydrous benzene (5cm™) was added with mechanical
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ring and cooling in an ice-buth, oxalyl chloride
L 3
(N.Sq; C.00a4) in cuthiydrous bencene (2cm”) during

romdnutes. The

“cooling both was removed after another
15 wins. and the suspension stirred at room tenperature
Fer on. hour; then at the refluxing temperature for
duother 1 houre It was filtered hot. The filtrate

&

v byt

further concentration was left at roonm temperature
L St e

taig vhen the esnhydride crystallized out, and later filtered

to give nicotinic anhydride (300mg) 4 Mape 120—1210,
Qi

(Lit.'! 122,85 . 123,57 lit.88

123-126°.)

Acyl st ion of &, 7—¢

dimefhoxy-2=-methvlchromone
with nicotinic anhydriCe.

3 : .
I 2 100cm™ tLtwosheck.ed flask fitted with a

mishuntles)

stifger ind a dropping funnel was plac.cd .
of _hledtinic anhydride (260mg; 0.001M) ana
finddn Bhloride (27Cmg; G.002m). The flask was put in
tldm=Kauth tc maintoin the tempecature hoow
o

cin 87 ana
e The stirrer was started ond 5y 7=dime thzy-D.n
Linlchiomone (220me; 0,0018) which was dizs.lvod in
wistilled nitromethane woe added dropwiscly. Aftor tl.
1 ~A0n war complole, the dropping funnel was rel aced

¥ & stoppere. "The flask was allowed to remain in the
lot=bath for ancther 30 mins., then the ice-bath Was refnoved
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nd thie flask was allowed to warm to room tempt. The
flask was finally heated at 60°C for 5 hours.

The dork-brown reaction mixture was cautiously poured
cate o mixture of ice and conce. HCl. The compound was
extracted into chlorofaorm. Removal of the chloroform
on a water~-bath left behind liquid product which gave fine
white crystals when cooled. The crystals were filtered
Off and properly dried. The product (20mg), has a m.p. 42°.
The molecular ion was given as M' 236,

Vi s 3400cm™ 1 (-OH), 1660, 1620em ™ > (carbonyl);
1580cm + (=CaC-, areElL)s 1160, 1120 and

1090crm (cther Yinkages).

(c) SYNTHESIS OF A-HYDROXYNICCTINIC ACID.

(i) Preparatiocsn of 3~mutﬁyl—4—nitropyridinu—iwoxide

AuogTs Mydrogorn telroxide (80cm3, 30%) was added to
tizr€d/ sdlution of J-methyleyridine (50g; 0.54M) in
: . 3 3

ClegdIMuacetic acid (150cm™; 2.6M) during 30min; the tempt,

S o . (&
béing kept b low 10°. After being heated ~t 70° for
2a hours, the sniutien was cvajorated under reduced
pressure. The resulting pale yellow viscous oil was coocled
e : 3
lielow 5° and a mixture of coned. H,,SO4 (158cm™) and

3
concd, nitric acid (124cm”™) was added dropwise with viserous
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stirringe after boing heated cautiously to 100-105° for
A hrs., the mixture was poured on crushed ice and the pH
adjucted to 3 (Nazcosi. The solld wes tiltered off and
«troacted with hot acetone. This extract was combined
cith muterial obtained by extracting the filtrate with
clloraforme After removal of solvents unger reduced
pressure the product was crystallized from acetone/CHCl3.
The yvield of 3—methyl—4—nitropyridine—l—oxide, mape. 135-

1379™ (Ade. valuegz; 136-1380), was 12g.

(ii) Preparation of dA—-chloYonicotinic acid.

3~Nuthy1—4~nitr09yridinu—1—ox1de (25g; 0.18M) was
dissclved in chloxofG. m (500cm3) and the solution was
faturated withedry HCL at room tempte Phosphorus trichloride

(10cm ; 0.46H) Wwas -dded dropvise to the stirred sclution

( ai CmﬁOC). »fter +le. solution had been allowed to Laeach

at
vor m\NGft., reaction was intiated by coubious warmsing

o % steam-batii. The reaction then proceeded without
Meuting and wos moderated as necessary by coolind. VWhen
L reaction subsided the mixture was heated under reflux

Fop 30minse and then cvepurated under reduced pressurce

3
The residue was dissolved in iced water (400cm ) aand after
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the additicn of an excess of saturated aqueous sodium
carbonate the solution was steam-distilled civing
A-chloropicoline (16cm3; 18,5q; d3l.16g/ceCe)e

This was dispersed in water (250cm3) and potassium
permanganate (59.5g3 0.38M) was added. The stirred
mixture was heated at 80—90o for 4hrs. and then-steam-
distilled to remove any unchanged chloropicoline. The
precipitated manganese dioxide was filtered off, and
washed well with hot water. After the filtrate had been
concentrated to about 50cm3, the pH was adjusted to 3
with concd. HCl. The preciplitated 4-chloronicetinic
_acid was quickly filtered(off and pressed as dry as
possible before being washed with acetone (3x 30cm3) and
then with dry ethWer. The yield was 12g. A specimen
of the acid wds ddrified by dissclution in theoretical
amount cfAl-sodium hydroxide solution and reprecipitation
by slow "addition of an equivalent of dilute HCl. The acid

Fformid prismatic needles. decomp. 174-1760 1it.93 MeDPe

(o]
1625463°%, 1it.” " 164%).

.—4 - —A
v, 3220cm ~ (-CH), 1725cm 3 and 1630cm = (-C=0),

na

b
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(;ii) Preparation of 4-hvdroxynicotinic acide

d4-chloronicotinic azcid (3g; C.019M) was heated for
3 .
lhr. in water (60cm”™). After adjusting the pH of the
solution to 4 with NaOH, evaporation tc half bulk and

cooling afforded the hydroxyl acid (2.2g), . mep. 249-250°,

21

(I‘-it. 3 m.p. 2500)’ 2600 (decomp.)o

The molecular ion, M' was given as 139 which was in

acreement with the expected molecular ione.

1 1 1

Vias! 3250em T, 3100cm” (=OHY; 1750cm™ ' and 1700 cm™

(C“O).

Yreparation of ge-cyanopyridine.

‘ficotinamide (25g; 0.205M) was mixed with phosphorus
peatoxide (30g;-0421M) in a 250nml round-bottomed f£1laske
The flask was _immersed in wn cil=bath and the content
¢ictilled under reduced pressure of zbout 20mm. The
Lemperuture of the oil-bath was raised rapidly to 280°¢,
The nitrile crystallized on cooling to a snow-white solid,

This gave pure ncedle~-like crystals (15g) from a mixture

of chloroform and pet. ether (40—6001, MePe 49-500,(lit.97,

g

[$]

49°, 11¢.%%, 50-51° ),
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Preparation of Anhydous Z2inc Chloride.

Finely ground zinc chloride hydrate or the
wet anhydous zinc chloride (20g) was put into a
round-hottomed flask, and freshly distilled thionyl
chloride (50cm3, ca 0,64M) was added at room temperature}oo
Evolution of sulprhur dioxide and hydrecgen chleride
began at once. After the evolution, the.slarry was
refluxed for 2 hours and distilled. “The excess thionyl
chloride was removed under reduced pressure. The
solid left behind was transferred/ immediately to a
vacuun desiccator contalning potassium hydroxide and
stored for 18 hours to ¢émoved the remaining thionyl
chloridce The anhydreus zinc chloride (15g) was pure

and dry enough fer ahy synthetic work.

Synthesis of ) 2y4,6-trihvdroxynicotinorhenone.

A mixXture of well-dried phloroglucinol (2.52; 0.02M),
nicobihonitrile or p-cyanopyridine (4.16; 0.04M),
findly powdered freshly fused zinc chloride (1g) in
1,2-cdimethoxyethane (20cm3} was put in a 250ml-flaske.
The flask was cooled in an ice-salt mixture and shzken

occasionally while a rapid stream of dry hydrogen chloride
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was rasnecd tharough the solution for two heurse The fluask
was allowed to stand in & ico=chest for 24 hours and
hyvdrogen chloride was again passed into the mixture for
twe hours. The flask was stonperad and allowed to 5t¢
in a refricerator for threec dayse. Q-
Thz bulky orange-yellow precipitate of th etimine
hydrochloride was separated by decanting th @ ente The
sclid was tranzsferred to a 250ml round—}.uowfd flask with
100::!!13 of hot water. The seluticn was Belfluxed for two
heurse About 1gm of decoleorizing @tnl was addrd and

the scluticon was boiled for angd!VMt €ive minutes and

-

two 10cm™ portions of Im@

was added te the main !:—ortion.

filtered hots The dr_co‘},oriqi}g harcoal was washed with

x) Hat:r ang thiﬁ filtrdte

AMter stand &-rrnight, y<llow prisms of 2,4,6-
trihydroxynicg \Q henone (3g) wer: obtained. The procuct
on recryst zation by dissolving in dilute sodium

hydroxic

\ pnd acidifying to a pil of 2.0 gave pure

conmp (2089)’ MePe 253“25500

IR: L '3*150{:11"1, 3 30cm_1

Tuvs ) 217, 221, 305 aud 215am

(-C11), 1C40cm * (-CO)

Triacestalte; mepe. 210-211°.
NHR of triacetate: Sppm 1.92 (EH, s, two-—OCOCHS},
2,30 (3H, =, -0COCH,.), G.92 (2H, s, aromatics), 7.38,
o

7.93, £.67 and 8.88 (four pyridine protons).
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